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Abstract
The maker movement is rapidly growing as schools look to address learning in the subjects of
STEM subjects. This movement emerged from Papert’s 1980 theory of constructionism.
Makerspaces are venues where students have the opportunity to create artifacts that demonstrate
their learning about a subject. Students may also tinker and create new artifacts within a
makerspace. Much research on the maker movement is anecdotal, focusing on the student
experience in makerspaces. Little was known about the role of the educator in a makerspace.
The purpose of this study was to examine the roles and responsibilities of educators while
implementing makerspaces in formal and informal settings as described by instructional
practices of collaborative learning, engineering design thinking, and problem- and project-based
learning. A phenomenological research design was used in this study. The data collected
included interviews with 10 makerspace educators, archival data, and classroom observations
assessed using the Reformed Teaching Observation Protocol. It was found that makerspace
teachers have many responsibilities as they lead learning in their classrooms, including providing
resources, mentoring students, and planning instruction to meet curriculum objectives.
Educators should determine the focus of their makerspace and select appropriate curriculum
standards to maximize student learning. Organizations that wish to implement makerspaces
should give special attention to professional development for all educators who are interested in
implementing making into their classrooms.
Keywords: collaborative learning, creativity, critical thinking, design thinking,
engineering design process, makers, makerspaces, student-centered learning, STEM education
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Chapter 1: Introduction
Many schools are incorporating makerspaces into their curriculum to interest students in
STEM subjects (Bers, Strawhacker, & Vizner, 2018). Students’ participation in makerspaces
may help close the gap on speculated deficiencies in the future STEM workforce (Pocock, 2016).
The maker movement is rapidly growing in the United States as educational leaders consider
ways to “bring to life ideas and explore design thinking approaches” (Becker, Freeman, Hall,
Cummins, & Yuhnke, 2016, p. 36). Students gain practical technical skills while completing
hands-on activities within a makerspace environment.
Background
Makerspaces are learner-centric physical areas where individuals develop ideas,
experiment, tinker, design, and create artifacts using digital and physical tools to represent their
learning (Pocock, 2016). Makerspaces are one way to address learning in the STEM subjects
because they may pique students’ interest in STEM subjects and careers (Colegrove, 2017;
Niaros, Kostakis, & Drechsler, 2017; Papavlasopoulou, Giannakos, & Jaccheri, 2017; Peterson
& Scharber, 2018).
Working in a makerspace, students gain understanding of STEM concepts and practice
skills such as communication and collaboration that will help them in the future (Honey &
Kanter, 2013; Nadelson et al., 2013). Holter (2017) asserted that STEM education should
“involve the student as an active participant in the learning process–creating, designing and
making” as the student works to demonstrate his or her learning (p. 5).
Makerspaces have different foci. These spaces occur in schools, universities, churches,
and libraries (Moorefield-Lang, 2015). Makerspaces vary in size and purpose, but a
commonality among all makerspaces is that they are a place for individuals to complete projects
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of their choosing often with the intent to share within a community (Peterson & Scharber, 2018).
Within these spaces, learners reinforce their knowledge as they complete a design or solve a
challenge (Sheridan et al., 2014). Working collaboratively in a makerspace, students deepen
their learning while working in conjunction with other learners (Oliver, 2016).
The maker movement emerged from Papert’s (1980) theory of constructionism. Papert
(1980) proposed that students learn best in an environment where they have an opportunity to
build artifacts in a hands-on manner to demonstrate their learning. Proponents of
constructionism believe that learning is most effective when students play an active role in the
learning process rather than listen to a teacher’s lecture (Kurti, Kurti, & Fleming, 2014).
Students in makerspaces generally determine what projects they would like to create and make
decisions about design. Learning in makerspaces is primarily collaborative and student-driven,
giving students the opportunity to build knowledge as they work with their hands (Halverson &
Sheridan, 2014).
Statement of the Problem
Makerspaces are ill-defined constructs situated between several models of learning.
Researchers explained that makerspaces draw from practices of student-centered learning,
collaborative learning, and project- and problem-based learning (Dousay, 2017; Halverson &
Sheridan, 2014). Additionally, students learn concepts of engineering design in makerspaces
(Oplinger, Lande, Jordan, & Camarena, 2016). Various descriptions of practices employed
within makerspaces indicate there is not a consensus about how teaching and learning take place
these informal learning environments.
Research on makerspaces is primarily anecdotal, focusing on the student experience
within the makerspace. However, it is necessary to have teachers effectively facilitate student

3
learning and implement makerspaces. Stubbs and Myers (2016) asserted that the role of the
teacher is vital in STEM disciplines. The interpretation of the roles of educators in makerspaces
spaces is wide-ranging. Ayar and Yalvac (2016) pointed out that “the differences in the goals
and intentions” of makerspaces impact the role of the educator in that setting (p. 41). There are
differing explanations of a teacher’s role when utilizing practices of student-centered learning,
collaborative learning, project- and problem-based learning, and engineering design. The
absence of a universally accepted description of an educator’s role in a makerspace setting
indicates that there is no clarity about this influential leadership position (Bowler & Champagne,
2016; Martinez & Stager, 2013; Willett, 2018). In addition, the lack of a clear definition of the
makerspace educator’s role makes it difficult for curriculum and instructional leaders to
determine how to assess the effectiveness of a makerspace.
Purpose of the Study
The purpose of this study was to examine the roles and responsibilities of educators while
implementing makerspaces in formal and informal settings, as described by instructional
practices of collaborative learning, engineering design thinking, and problem- and project-based
learning.
Research Questions
The following questions guided research for this study:
Q1. What roles and responsibilities do educators have while implementing makerspaces
employing instructional practices of collaborative learning, engineering design thinking, and
problem- and project-based learning?
Q2. How do educators employ instructional practices of collaborative learning,
engineering design thinking, and problem- and project-based learning in makerspaces?
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A qualitative research approach was the best method to use for this study. Merriam and
Tisdell (2015) stated the purpose of qualitative inquiry is to gain insight into “how people
interpret their experiences, how they construct their worlds, and what meaning they attribute to
their experiences” (p. 15). This study followed a phenomenological design. Researchers use
phenomenology to look in depth at how people experience an event or phenomena. Using such
an approach, I sought to learn about the experience of individuals who lead makerspaces. I
aimed to “depict the essence or basic structure” of the teacher’s experience within a makerspace
(Merriam & Tisdell, 2015, p. 26).
The target population for this study included teachers who lead makerspaces in formal
and informal settings. Educators were included in the population if their primary work was in a
setting that provided makerspace activities for students. I used what Merriam and Tisdell (2015)
called purposeful sampling to select participants. This type of sampling places a priority on
choosing participants who will give applicable information to the research questions (Patton,
2014). I collected information about makerspace leaders from a variety of sources.
Semistructured interviews, classroom observations, and archival data such as lesson plans
provided insight into the teachers’ role within a makerspace.
A better understanding of teachers’ roles and responsibilities within makerspaces may
provide guidance for other educators who wish to include these learning areas in their
organizations. Professional development and training are concerns that must be addressed when
makerspaces are implemented (Hira, Joslyn, & Hynes, 2014). Moorefield-Lang (2015)
acknowledged teachers who lead makerspaces must be well-prepared with knowledge about the
content that is taught in a makerspace while addressing the difficulty of training individuals to
lead makerspaces. Educators must also possess “sufficient self-efficacy to implement unfamiliar
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curriculum and navigate unanticipated problems” within the makerspace environment (Hira et
al., 2014, p. 1679). Organizations that implement makerspaces in the future may benefit from
results of this study.
Definition of Key Terms
Collaborative learning. Collaborative learning is a pedagogical approach to teaching
and learning that highlights the role of a group of students and the process of working together to
solve a problem or complete a task. This approach focuses on an individual’s effort to support
the broader team and the process the group goes through to accomplish its purpose (Laal & Laal,
2012; Loveland & Dunn, 2014).
Creativity. Creativity takes place as students participate in authentic learning
experiences, sometimes utilizing the engineering design process to solve or find new solutions to
open-ended, real-world problems (Loveland & Dunn, 2014; Nemiro, Larriva, & Jawaharlal,
2017).
Critical thinking. Critical thinking is the process students undergo to organize their
thinking to distinguish between ideas and make a decision about how to move forward. It
includes the ability to determine relationships between concepts, analysis of available
information, and consideration of other perspectives to make the best decision about what to do
(Kraft, Schmiesing, & Phillips, 2016; Vieira & Tenreiro-Vieira, 2016)
Design thinking. Design thinking takes place when students are given a problem or
introduced to a need and construct a solution to meet it (Berland, Steingut, & Ko, 2014; Brown,
2008).
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Engineering design process. The engineering design process is a cyclical process used
in engineering challenges. Steps include defining a problem, imagining possible solutions, and
planning, creating, and improving the design to meet a need (Museum of Science, Boston, n.d.).
Makers. Makers are individuals who create, build new things, and solve problems within
a makerspace (Martin, 2015).
Makerspaces. Makerspaces are physical spaces where individuals develop ideas,
experiment, tinker, design, and share artifacts using digital and physical tools to represent their
learning (Laal & Laal, 2012; Loveland & Dunn, 2014).
Student-centered learning. Student-centered learning is a pedagogical approach to
teaching and learning that emphasizes a student’s “active responsibility for learning, proactive
management of learning experience, independent knowledge construction” and deemphasizes the
teacher as a dispenser of knowledge (McCabe & O’Connor, 2014, p. 351).
STEM education. STEM is an acronym for a movement in education that emphasizes
learning in the subjects of STEM (Sikma & Osborne, 2014).
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Chapter 2: Literature Review
Although makerspaces are becoming more prevalent around the world, they are a
construct that is ill-defined, without a way to universally measure what takes place within these
spaces (Wong & Partridge, 2016). The majority of research about makerspaces is anecdotal,
coming from professional or trade publications (Davis, 2018; Papavlasopoulou et al., 2017).
This literature review contains an overview of makerspaces, a description of the theories that
undergird learning within makerspaces, and an outline of research about teacher leadership
within these types of learning environments.
Makerspaces
Makerspaces are learner-centric physical areas where individuals develop ideas,
experiment, tinker, design, and create artifacts using digital and physical tools to represent their
learning (Kafai, Fields, & Searle, 2014; Niaros et al., 2017; Sheridan et al., 2014). Oliver (2016)
described a makerspace as a place “involv[ing] a physical space with shared resources to pursue
technical projects of personal interest with the support of a maker community” (p. 160).
Students may explore weaving, woodworking, 3-D printing, coding, constructing circuits, or
working with textiles (Peppler & Bender, 2013). Within these flexible learning spaces, students
have an opportunity to exercise creativity and learn how to utilize new tools to invent or design
something new (Cohen, Huprich, Jones, & Smith, 2017).
Over the past several years, educators have pushed for nationwide growth in STEM
education across the United States (Freeman, Adams Becker, Cummins, Davis, & Hall
Giesinger, 2017). Researchers emphasized the importance of growth in STEM subjects to
increase innovation and provide staffing for the workforce in the United States (Freeman et al.,
2017). Pocock (2016) noted that more schools are incorporating makerspaces into their
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curriculum with the hope that students will take an interest in careers related to STEM subjects.
Makerspaces are considered “an important bridge” as schools help students grow in necessary
competencies such as critical and computational thinking (Freeman et al., 2017, p. 40).
Participating in makerspaces, students can integrate these concepts and develop their interest in
STEM subjects (Peppler & Bender, 2013).
Makerspaces fulfill many instructional goals of STEM (Colegrove, 2017; Niaros et al.,
2017; Papavlasopoulou et al., 2017; Peterson & Scharber, 2018; Willett, 2018). Holter (2017)
asserted that STEM education should “involve the student as an active participant in the learning
process-creating, designing and making” (p. 5) as they work to demonstrate their learning.
Bevan, Gutwill, Petrich, and Wilkinson (2015) added that makerspaces are “STEM-rich” areas
where students can tinker, explore, and learn to solve problems as they demonstrate their
learning about various subjects, showing how makerspaces are relevant to educating students in
STEM disciplines.
Harron and Hughes (2018) conducted a qualitative study to determine the purpose of
educational makerspaces. Twelve participants in the research study each led a K–12
makerspace. The authors conducted interviews with participants to find out how their
makerspace began, how they taught in the makerspace, the resources necessary to sustain the
makerspace, and what they thought their makerspace would be like in the future. Six major
themes describing the purpose of makerspaces emerged from the data in this study, including
“making school more meaningful and relevant, preparing students for the future, creating an
inclusive environment, developing student capacity for failure, showcasing the school campus,
and helping students become creators instead of consumers” (Harron & Hughes, 2018, p. 259).
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While working in makerspaces, students have an opportunity to practice soft skills that
are considered crucial for 21st-century learners (Cohen, Jones, Smith, & Calandra, 2017). These
skills include “how to communicate technical details to a wider audience; techniques to foster
lifelong learning; how to apply engineering knowledge to solve problems; specific skills
applicable to electrical engineering programs; experience on multidisciplinary teams; and
designing systems with realistic constraints” (Pocock, 2016, p. 35). Working in a makerspace,
students may make gains in their understanding of STEM concepts and practice skills that will
help them in the future (Honey & Kanter, 2013; Nadelson et al., 2013).
In a comparative case study, Sheridan et al. (2014) considered how learning takes place
in makerspaces. The authors were most interested with finding out who participates in
makerspaces, how they use the tools and materials in the makerspaces, and what the
arrangements are for learning, teaching, and collaborating in each makerspace studied. Through
purposive sampling, researchers selected three makerspaces to study over the course of a year.
Researchers collected data from field observations, interviews, online discussions, and online
artifacts. The researchers wrote analytic memos as they found unifying themes among the three
research sites. At each space, researchers found that instructors demonstrated how to use the
tools necessary for the projects. Results indicated that each area had a multitude of learning
arrangements that makers could select, depending on what their needs were for the moment.
Each space placed a high value on the learning process of making an artifact. Participants at
each location found ways to teach others new skills, offer feedback to others about projects, and
share creations. Several participants indicated that the community support aspect of the
makerspace opened them to learning opportunities they did not previously consider.
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There are a variety of contexts for makerspaces. Schools, universities, churches, and
libraries are some of the locations that host makerspace activities (Moorefield-Lang, 2015).
These learning environments “come in all shapes and sizes, but they all serve as a gathering
point for tools, projects, mentors and expertise” (Peterson & Scharber, 2018, p. 44). Within
these spaces, learners reinforce their knowledge as they complete a design or solve a challenge
(Sheridan et al., 2014). Working collaboratively in a makerspace, Oliver (2016) reported that
students pursue their interests while collaborating and sharing within a community setting.
Learning Theories and Practices
Cognitive theorists help to explain how learning takes place within nontraditional
learning environments such as makerspaces. There are many theories of cognition, but Dousay
(2017) explained how the maker movement is situated between constructivism and
constructionism. Psenka, Kim, Okudan Kremer, Haapala, and Jackson (2017) suggested
constructivism is supportive of numerous modes of cognitive learning and may take place when
educators employ methods other than rote learning to impart knowledge to students.
Piaget (1973) created the constructivist theory to explain how children think and
understand concepts at different stages of development. Piaget believed that children gain
knowledge when they interact with the surrounding world and others (Ackermann, 2001).
According to Piaget, children grow in their knowledge as they progress from the preschool years
to high school aged and beyond. When they grow older, children move to grasp abstract ideas
and concepts. As students take an active part in the learning, their knowledge forms. Learners
either assimilate new ideas or modify previous understanding of concepts in a process called
accommodation (Brennan, 2017). Working in makerspaces, students utilize tools and other
materials “that can make concepts simple and concrete” (Psenka et al., 2017, p. 8). The role of
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the educator is to help students “make sense of the individual, personal connections that learners
form to what they are learning” (Brennan, 2017, p. 291).
Papert (1980) expanded Piaget’s constructivism when he proposed a theory of
constructionism:
[Constructionism] builds on the “constructivist” theories of Jean Piaget, asserting that
knowledge is not simply transmitted from teacher to student, but actively constructed by
the mind of the learner. Children don’t get ideas; they make ideas. Moreover,
constructionism suggests that learners are particularly likely to make new ideas when
they are actively engaged in making some type of external artifact, . . . which they can
reflect upon and share with others. (Kafai & Resnick, 1996, p. 1)
Advocates of constructionism believe learning takes place as students create, tinker, and
come up with ideas (Ackermann, 2001). Theorists who subscribe to constructionism support the
notion that students build knowledge when they make objects that mean something to them
individually, demonstrating their learning (Brennan, 2017; Kolodner et al., 2003; Papert, 1980).
There is also a social component to constructionism, which takes place in a makerspace when
students work together and share the artifacts they create (Papert & Harel, 1991).
Through the theories of constructionism and constructivism, Piaget (1973) and Papert
(1980) acknowledged that much learning takes place in the absence of a formal, structured
curriculum, like in a makerspace. Educators combine concepts of constructionism and
constructivism as they facilitate learning in makerspaces. Freeman et al. (2017) supported this
concept, highlighting the benefits of projects that introduce students to new skills as well as new
ideas that help them make connections in the real world. In an early iteration of a makerspace
environment, Papert created a computational microworld for students to combine prior
knowledge with “tactile, visual, and kinesthetic experiences through the exploration and
manipulation and tinkering with concrete materials” (Psenka et al., 2017, p. 7). Through the
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process of exploring, building, and modifying to correct errors, students deepen their
understanding of concepts taught in class (Psenka et al., 2017).
According to Freeman et al. (2017), many makerspaces are run in an unstructured
manner, providing students to create artifacts how they best see fit. A teacher with a
constructivist point of view may implement numerous teaching practices to help students recall
and build on their existing knowledge as they learn new skills (Leonard, 2002). Educators draw
on techniques commonly used in models of student-centered learning, collaborative learning,
problem-based learning, and engineering design thinking (Koh & Abbas, 2015).
Student-centered learning. A hallmark of makerspaces is that these areas are “largely
self-directed” (Curry, 2017, p. 201). Users generally determine what they would like to create
within the makerspace, but a teacher must assist students as they seek to answer their questions
as a part of the educational experience (Curry, 2017; Flores, 2018). Students work on projects of
their choosing and have the opportunity to “personalize their own work” before sharing it with
others (Cohen, Jones, et al., 2017, p. 226). Sheridan et al. (2014) provided an example of how
learning takes place in a makerspace: Educators first introduce a concept to students in a
classroom, then students use their knowledge to make an artifact in the makerspace to put their
learning into practice. For instance, students may learn about physics concepts such as force and
motion in a science class and then deepen their education as they construct a catapult or pulley
using a variety of tools in a makerspace setting.
Burns, Pierson, and Reddy (2014) suggested that student-centered instruction is framed
around the beliefs that students have different learning and working styles, learn in different
ways, and construct knowledge in different ways. Goodyear and Dudley (2015) wrote, “Studentcenteredness does not mean that students are simply left alone by teachers” (p. 275). Learning in
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makerspaces is primarily student-driven, “framing the learner as knowledge-builder” (Halverson
& Sheridan, 2014, p. 493). Dobber, Zwart, Tanis, and van Oers (2017) differentiated between
learning that is student driven and learning that is teacher driven. Dobber et al. (2017) explained
in teacher-driven inquiry, the teacher predetermines the questions students will attempt to
answer. Teachers decide on objectives and then arrange activities to enable students to reach
these objectives. The teacher is responsible for assisting students as they work through any
problems they have with understanding as they attempt to master objectives (Pedersen & Liu,
2003).
Conversely, when inquiry is student-driven, students decide what they would like to
investigate and how they would prefer to go about their study (Dobber et al., 2017). Psenka et al.
(2017) wrote, “When learners are given the time to pursue personally meaningful activities they
are more likely to become intellectually engaged” (p. 8). McCabe and O’Connor (2014)
confirmed that a fundamental part of student-centered learning includes a “shift in responsibility
from lecturer to student” (p. 354) such that the onus of education begins to fall on the student.
Teachers may offer students an issue or problem and serve as facilitators while students decide
on their own responses (Pederson & Liu, 2003).
Student-centered learning draws on ideas of constructivist theorists, who support the
belief that individuals construct or build understanding as they make meaning of their
experiences, old and new knowledge, and ideas (Yilmaz, 2008). Student-centered learning
initiatives can be supported by Bruner’s discovery learning theory. Bruner argued that learners
are more prone to understand and apply abstract concepts if they first interact with concrete
material and then apply their own knowledge and experiences to their learning, instead of
learning it from traditional teaching practices (Bruner, 1977; Leonard, 2002). A student-centered
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pedagogy “provides the learners with the opportunity to engage in meaningful, concrete
experiences” where they have the opportunity to “construct their own questions, structure their
own models, concepts, and strategies” (Yilmaz, 2008, p. 38).
Curriculum in student-centered classrooms is applicable to students’ current situation and
the scenarios they might face in the future (Lattimer, 2015). Similarly, Fontichiaro (2016) wrote,
“Maker-centered inquiry has a real-world purpose and is driven by a student’s curiosity and
motivation to fulfill his or her creative vision” (p. 48). Papavlasopoulou et al. (2017) concurred
when they posited working in makerspaces provides students with the opportunity to drive their
learning, instead of waiting for the teacher to give them the necessary knowledge. Kurti et al.
(2014) contended it is crucial for makerspaces to remain learner-centered to reach the goals of
these types of learning spaces.
Researchers focused on the impact of learner-centered education on students. Lattimer
(2015) conducted a case study of two classes to determine if there was a difference between a
learner-centered classroom and one employing traditional instructional practices regarding
teacher behaviors, assessment, and level of student participation. Lattimer found that in
conventional classrooms, students were more passive than students in a learner-centered room.
In learner-centered rooms, students took a more active role in their learning (Lattimer, 2015).
Meece, Herman, and McCombs (2003) sought to describe how learner-centered teaching
practices affect students’ skill mastery and performance goals. Meece et al. showed a positive
correlation between mastery goals and learner-centered practices. Participants in the study also
demonstrated a positive correlation between learner-centered practices and level of student
motivation (Meece et al., 2003).
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McCombs, Daniels, and Perry (2008) were interested in student-centered teaching
practices and student motivation in the elementary school setting. Participants in McCombs et
al.’s (2008) study showed a positive correlation between how much students perceived their
teacher used learner-centered (LC) teaching methods and students’ level of motivation (r = .76, p
< .01). In a discussion of their findings, McCombs et al. wrote, “When K–3 students perceived
more learner-centered teacher practices, they also reported greater interest in and liking of school
and academic subjects as well as more positive perceptions of their competencies” (p. 30).
Casey, Hastie, and Rovegno (2011) examined how students learned in a student-centered
environment. They collected data from observation, reflections, student journal entries, and
student interviews as students designed games during a 7-week period. Casey et al. found
students developed a deeper understanding of game concepts when they created a game of their
choosing than they gained from a traditional presentation of the same curricular content. As a
result, these researchers suggested that instructors use student-centered teaching practices to
enhance students’ understanding of material instead of relying on more traditional methods to
impart knowledge on students.
Yilmaz (2008) explored teachers’ views and beliefs about student-centered instruction by
inquiring about the challenges teachers face when they implement learner-centered techniques.
Study participants included teachers with at least 5 years of teaching experience and advanced
teaching degrees. Yilmaz (2008) observed that all of the teachers who took part in the study had
a positive attitude about student-centered pedagogy. Teachers highlighted the benefits of
student-centered learning including how students were active participants and engaged in the
lessons. Participants also suggested that while students may not remember all of the information
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learned during a student-centered lesson, critical thinking and independent reasoning skills are
by-products of this type of instruction (Yilmaz, 2008).
Researchers investigated the roles and responsibilities of teachers in learner-centered
environments in recent studies. In a qualitative study of teacher roles in a student-centered
learning environment, McCabe and O’Connor (2014) used focus groups and observation to
understand the role of the educator as facilitator in a student-centered learning environment. The
researchers were interested in finding out what teaching practices were beneficial to students
when instructors implemented a student-centered approach. Study participants believed their
responsibilities as facilitators were to “engage and motivate students, creating a safe,
participative environment conducive to the acquisition of knowledge and deep learning”
(McCabe & O’Connor, 2014, p. 355). Teachers may serve as facilitators and observers in
makerspaces until they need to introduce concepts to increase rigor for students as they learn
(Goodyear & Dudley, 2015; So, Seah, & Toh-Heng, 2010).
Teachers in student-centered learning environments employ pedagogy to enhance
students’ understanding of lesson material. By focusing on broad concepts, teachers can scaffold
learning for students as they increase their knowledge about various subjects (Flores, 2018).
Bowler and Champagne (2016) investigated the use of question prompts in makerspaces and
found that this technique helped to encourage reflective thinking in a student-centered learning
environment. Flores (2018) added further support to the questioning approach, adding that it
“affords students choice and voice, and promotes confidence, engagement, and self-esteem” (p.
27). Kurti et al. (2014) also suggested teachers use question prompts to guide students to deeper
thinking in a learner-centered makerspace setting.
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Kayler and Sullivan (2011) conducted a qualitative study to find out what occurred in the
classroom when teachers used learner-centered theory to guide them as they used technology in
the school. The researchers collected data from teacher projects and presentation materials,
feedback from the end of courses, and teacher reflection. Researchers noted three themes from
their data analysis. First, participants in the study reported that they were motivated to use
learner-centered practices in their classroom as a mechanism to scaffold students’ learning.
Second, learner-centered practices in the classroom increased student autonomy. Third,
participants indicated that a learner-centered focus on technology helped to create a positive
classroom environment for students (Kayler & Sullivan, 2011).
Researchers investigated the responsibilities of teachers in learner-centered
environments. Harris, Phillips, and Penuel (2012) were interested in learning what steps teachers
took to help students deepen their understanding of concepts. They documented how followed
teachers fostered learning in student-centered classrooms over an 8-week period. Researchers
observed teachers in student-centered learning environments primarily using two strategies, or
“instructional moves,” in the classroom: working to help bring out students’ thoughts and ideas
and developing and growing these thoughts and ideas. Harris et al. (2012) confirmed that
individuals in a classroom with a teacher who did less to help students develop their thoughts and
ideas about the lessons scored lower on tests at the end of the curriculum unit. Harris et al. also
highlighted the importance of teachers working to help students develop their questioning skills
as they study course material.
Pedersen and Liu (2003) confirmed teachers in student-centered environments defined
their role in the classroom as that of a facilitator, although the researchers found that participants
described the role of facilitator in many different ways. As a result, researchers indicated the
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need for a common definition of facilitation in the student-centered learning classroom. The
authors were interested in teachers’ experiences and responsibilities when implementing studentcentered instruction. Pedersen and Liu (2003) collected information from interviews, focus
groups, journal entries, and observations. Participants in Pedersen and Liu’s study listed several
activities they took part in, including planning lessons, selecting objectives, preparing supplies,
demonstrating processes for students, leading discussions, managing interpersonal dynamics
between students, and ensuring student safety.
Collaborative learning. Collaborative learning takes place in the classroom when two or
more students work to find a solution to a problem or task assigned by the teacher (Kaendler,
Wiedmann, Rummel, & Spada, 2015). The goal of collaborative learning is “not the solution
itself, but joint knowledge building and each group member’s individual learning gains”
(Kaendler et al., 2015, p. 506). Collaborative learning takes place with students’ dialogue and
participation in the subject matter at hand (Laal, Khattami-Kermanshahi, & Laal, 2014). Laal
and Ghodsi (2012) indicated “the underlying premise of collaborative learning is based upon
consensus building through cooperation by group members, in contrast to competition in which
individuals best other group members” (p. 486).
Cooperative learning is a type of collaborative learning that teachers implement using
specific strategies. When teachers use cooperative learning strategies, they foster group
interaction and provide guidance for how group members share information as they work
together. Group members practice skills including communication, decision-making, and
conflict resolution as learners “become aware that they need each other to complete the learning
task successfully” (Leonard, 2002, p. 42). Johnson and Johnson (2002) identified five necessary
components of cooperative learning that must be included for effective learning to take place:
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positive interdependence, individual accountability, face-to-face interaction, social skills, and
group processing. These components emphasize the learner’s belief that his or her work has an
impact on group members and demonstrate each group member’s responsibility to ensure the
group’s success.
Researchers created a series of cooperative learning strategies to enhance student learning
in classrooms. Kagan (2014) noted the benefits of cooperative teaching method included higher
academic achievement, more time spent on curricular material, and improved social and thinking
skills. Kagan (2014) created “structures,” or step-by-step patterns for interaction between
students. Teachers can use the prescribed models to enhance student discussion and help
students remember content from class lectures. Students’ learning is supported as they
implement structures in a collaborative environment.
Hancock (2004) examined the effects of peer orientation toward achievement and
motivation to learn in classrooms that employed collaborative learning techniques. Student
participants did not learn more in settings that utilized techniques that required student
collaboration and interaction (Hancock, 2004). Hancock (2004) highlighted the influence of peer
orientation on student motivation to learn in a collaborative setting. Kohn (1991) also suggested
that increased student motivation is an important outcome of a cooperative classroom. Student
participants in Kohn’s study indicated the ability to make decisions about a group’s direction was
more motivating than an external reward (Kohn, 1991). When students can help each other learn
and make decisions about how the group accomplishes its tasks, students were more motivated to
perform than if they were given external rewards (Kohn, 1991).
Mueller and Fleming (2001) conducted an ethnographic case study to examine how
students work together in classroom groups. The researchers observed groups as they were
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creating an amusement park ride. Researchers interviewed students after each week of group
projects and again after students completed their projects. Students were asked to describe what
they learned during the project, and they generally answered in one of four categories: They (a)
learned new knowledge or scientific content, (b) acquired practical skills, (c) learned skills that
helped them cooperate in a group, or (d) enjoyed the challenge the task presented (Mueller &
Fleming, 2001). The participants indicated their learning was deeper with the opportunity to
complete hands-on tasks and that they learned more effectively in the collaborative context
(Mueller & Fleming, 2001).
Saad (2017) examined how cooperative learning can help improve academic
achievement. The experimental group of participants in Saad’s (2017) study who were taught
with cooperative methods scored significantly higher on posttests than students who learned
using a more traditional teaching method in the class. Using descriptive statistics and results
from the study, Saad (2017) concluded that a collaborative learning method was preferential for
students.
Chatila and Husseiny (2016) also studied cooperative learning in a school setting. The
authors sought to determine if cooperative learning strategies enhanced the practice and
acquisition of skills for 10th-grade students in science subjects. Utilizing a quasi-experimental
design with pre- and posttests, researchers collected data that showed students who were a part of
the experimental group grew in science skills after being taught using cooperative methods.
Results indicated a significant difference between students’ mean scores on pre- and posttests of
cognitive knowledge when they utilized cooperative learning methods (t = 0.042, p < 0.05). The
authors concluded that cooperative learning “engages students in the learning process and
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improves critical thinking, reasoning, and problem-solving skills of the learner” (Chatila &
Husseiny, 2016, p. 95).
Hsiung (2012) compared the efficacy of cooperative learning and individual learning in a
hands-on engineering class to determine which instructional method led to the highest increase in
students’ academic achievement. Participants who utilized cooperative learning over time
demonstrated higher academic achievement on tests and homework assignments than students
who learned course material individually. Students in cooperative groups were motivated to
continue learning.
Chu, Angello, Saenz, and Quek (2017) questioned the demonstration of learning by
elementary-aged students in a collaborative makerspace context. Chu et al. (2017) observed
students as they took part in a 1-week maker camp. Participants in the study explained sharing
was a positive outcome of participation in maker activities during the week.
Dousay (2017) affirmed the collaborative, social nature of learning in makerspaces. So et
al. (2010) suggested, “Learning is essentially a social process, a situated activity in which a
community of learners collaboratively build upon each other’s knowledge, adding to the
communal knowledge pool, through discourse and discussion” (p. 480).
Gomez-Lanier (2018) investigated how students perceived student collaboration in a
classroom that utilized the flipped classroom model. In a flipped classroom, students read or
listen to course material before class so time during the class period is used for class discussion
and group projects (Gomez-Lanier, 2018). Gomez-Lanier questioned whether student
collaboration leads to more meaningful learning in a flipped classroom than in a traditional
classroom. In a mixed-methods study, Gomez-Lanier surveyed participants to learn more about
their perceptions of student collaboration after participating in collaborative group work. Study
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participants wanted to be placed in classrooms that utilized the collaborative flipped model
because they better understood course content through collaborating with peers. Gomez-Lanier
found time spent in the classroom to be more productive and suggested collaborative group work
leads to increased critical thinking and communication skills and gives students opportunities to
problem-solve in a way that is not possible in a traditional classroom setting.
Burns et al. (2014) addressed educators’ practices in collaborative and cooperative
settings. Burns et al. conducted an explanatory case study to research collaborative learning in
science and math classrooms to determine whether teachers changed their instructional practices
after participating in professional development focused on collaborative learning. Through case
studies, teacher and student focus groups, surveys, and classroom observations, researchers
found participants in the study moved from serving in more traditional teacher roles to facilitator
roles. After the professional development, participants in the study had to “deliberately shift
their role from transmitting information to facilitating, guiding and monitoring student learning”
as a part of the collaborative process (Burns et al., 2014, p. 24).
Problem-based learning. Problem-based learning is “a model in which learning is
organized around projects which are complex tasks based on challenging questions or problems”
(Dobber et al., 2017, p. 197). Merrill (2001) suggested that learning takes place when a student
works to solve a problem that is actually found in the world. Problem-based activities give
students an opportunity to take initiative with their learning and explore personal areas of interest
that relate to the problem (Flores, 2018). When using problem-based instruction methods, the
teacher offers a problem to students at the beginning of the working period, and students use
available tools to solve the problem. Along the way, students garner new knowledge as they
work to come up with a solution or product (Dobber et al., 2017).
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Problem-based learning can be considered an outworking of cognitive learning theories
(Weshah, 2012). It is centered on the idea of learning by doing, which takes place in a
constructionist environment (Hackathorn, Solomon, Blankmeyer, Tennial, & Garczynski, 2011).
With problem-based learning, students are given a problem that causes them to recall previous
knowledge. As they work through problems, students build on their prior knowledge as they
begin to propose solutions (Schmidt, Rotgans, & Yew, 2011). A problem-based approach to
teaching has been used in medical education for more than two decades (Kolodner et al., 2003).
It was first used to develop medical students’ thinking skills as they worked through various
medical scenarios (Weshah, 2012). Delisle (1997) described students who took part in problembased learning as learners who take initiative and identify what they need to solve the problem.
Project-based learning “engages students in meaningful activities as they create products
to help solve problems or answer driving questions” (Scogin, Kruger, Jekkals, & Steinfeldt,
2017, p. 40). Although problem-based learning and project-based learning are similar, there are
some inherent differences in the two methods of instruction. Students are responsible for
creating artifacts with certain criteria when they utilize project-based methods. When teachers
employ problem-based instructional methods, student challenges are more unrestricted (Scogin
et al., 2017).
Researchers sought to understand how students grow as a result of participating in
problem- and project-based activities. These gains may be in areas not typically assessed in a
traditional classroom. Flores (2018) conducted an observational study of fifth- and sixth-grade
students involved in a problem-based science makerspace in a private school. Over the span of 4
years, Flores collected data from questionnaires and video-taped interviews and concluded
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problem-based science in a makerspace yields many benefits, including increased learner
autonomy, creativity, and cognition, as well as an increase in leadership skills for students.
Scogin et al. (2017) wanted to determine how standardized test scores for students who
participated in an experiential problem-based program compared with those of students who did
not participate in such a program. Using a mixed-methods design, these researchers collected
qualitative data through interviews and observations and quantitative data from test scores at the
school where the study took place. Scogin et al. (2017) found participation in the experiential
program motivated students, but their mean test scores on standardized tests were not
significantly higher than those of students who were in a traditional program. However,
participants in the experiential program shared how they grew in confidence, communication
skills, collaboration, and problem-solving skills as a result of taking part in problem-based
activities (Scogin et al., 2017).
Tiwari, Lai, So, and Yuen (2006) conducted a qualitative study to compare problembased learning and lecturing on students’ critical thinking skills. Participants who took part in
problem-based learning credited their growth in critical thinking to this method of instruction.
Similarly, Weshah (2012) inquired about the effect of problem-based learning on students’
reflective thinking. Partaking in a problem-based program did lead participants to show a higher
level of reflective thinking compared to a control group that learned from traditional teaching
methods (Weshah, 2012).
Problem-based learning is appropriate for the makerspace setting because this educational
practice combines theories of constructionism with issues that students would see in the real
world (Flores, 2018). When students have an opportunity to problem-solve in a makerspace,
they practice skills they can apply outside of the classroom. Rigelman (2007) wrote, “Problem-
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solving habits of mind prepare individuals for real problems—situations requiring effort and
thought, lacking an immediately obvious strategy or solution” (p. 308).
A teacher may use strategies of problem-solving and problem-based learning as a part of
the instructional process in a makerspace. When teachers use methods of problem-solving to
teach students, their job is different than in a traditional classroom setting. Teachers employing
problem-based practices are responsible for “orchestrating the discourse of the classroom”
(Seeley, 2017, p. 33) as they help students share solutions they have discovered. The teacher
then assists the students to make connections to the instructional goal. Livy, Muir, and Sullivan
(2018) suggested that a teacher utilizing problem-based learning is responsible for choosing tasks
for students that may be just beyond students’ understanding, giving students time to work
through the problem, and observing how the class is participating in the activity. Educators in a
problem-based environment scaffold students’ learning by using questions to prompt students to
further their learning (Seeley, 2017; Weshah, 2012).
Teachers practicing traditional pedagogy may work to ensure that students do not fail.
However, teachers may allow students to wrestle with concepts as part of a problem-based
instruction learning process. When taking part in problem-based activities, students gain
stamina, learn how to persevere, and grow in their confidence (Seeley, 2017). In classrooms
where problem-solving is employed, students “are encouraged to take risks, can struggle and fail
yet still feel good about working on hard problems” (Livy et al., 2018, p. 19). Delisle (1997)
suggested that problem-based learning practices allow teachers to move beyond required school
curriculum to create problems that have great personal interest to their students.
Engineering and design thinking. Crucial components of engineering design and
design thinking include the definition of a problem and consideration of solutions or ideas to
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better meet needs (Berland et al., 2014; Brown, 2008). Creators of a curriculum called
“Engineering Is Elementary” propose five steps that students go through as they complete
engineering and design challenges: Ask, Imagine, Plan, Create, and Improve (Museum of
Science, Boston, n.d.). Additionally, engineering design requires students to take part in
modeling and analyzing their solutions, making changes when necessary until a satisfactory
result is accomplished (Berland et al., 2014).
A makerspace is an ideal place for students to utilize design and engineering thinking. In
makerspaces, students progress through the design thinking process as they go about “creating,
ideating, and reflecting” on the artifacts they make (R. Smith, Iversen, & Hjorth, 2015, p. 21).
Using the engineering design process, students can pursue their interests in a way that interests
them (Alexander, Menzo, & Love, 2017). Students “are encouraged to not only build-out their
ideas but also to draw on design thinking principles to more deeply understand project goals,
propose alternative approaches, and develop models and prototypes that might lead to a solution”
when they work in makerspaces (Grassick, 2016, p. 17).
R. Smith et al. (2015) conducted an observational study of digital fabrication, which they
suggested is directly related to design thinking and the maker movement. The authors described
digital fabrication as a process that allows students come up with ideas, draw them out, and
create a prototype based on their ideas (R. Smith et al., 2015). As they participate in learning
activities within a maker environment, students develop a deeper understanding of technology
and how to solve problems (R. Smith et al., 2015).
R. Smith et al. (2015) showed when teachers utilized design thinking in the digital
fabrication process, students were able to better comprehend the design process as a whole.
Guzey, Moore, Harwell, and Moreno (2016) conducted a study to determine if participation in
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engineering design-based lessons changed students’ achievement and attitudes toward STEM
subjects. Participants in their study revealed students’ attitudes toward STEM improved
significantly after participation in the engineering design-based lesson (Guzey et al., 2016).
Capobianco, Yu, and French (2015) were concerned with elementary students’ engineering
identity development after completing design-based lessons. They observed that students who
learned from a design-based curriculum better understood options for engineering as a career
when compared with students who did not participate in the design-based learning activities
(Capobianco et al., 2015). Bethke Wendell and Rogers (2013) indicated that after using
engineering curriculum, students had more significant gains on science test scores than their
classmates who used a traditional science curriculum.
Teachers play a crucial role in a classroom utilizing design thinking as they foster
curiosity about engineering design for students. R. Smith et al. (2015) noted the importance of
teachers providing constructive feedback and time for makers to reflect on the process of
creating as they progressed through the design process. These researchers observed teachers as
they served the role of a coach when they gave students instructions for tasks, provided the
necessary guidance, and offered students the correct vocabulary to use during fabrication
activities (R. Smith et al., 2015). Lammi and Denson (2017) focused on teacher practices within
engineering education as they highlighted the importance of modeling as a part of the
engineering design process. Lammi and Denson concluded that teachers should give particular
attention to teaching students how to model their artifacts to help students grasp engineering
concepts. Capobianco, DeLisi, and Radloff (2018) studied the efforts of elementary teachers as
they used design-based instruction to teach science. Through observation, reflections, and
interviews, these researchers determined that teachers spent most of their time in class helping
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students make plans for their design. Teachers also helped guide classroom discussions about
the design process, used questions to prompt deeper thinking about construction, and provided
time for students to share their final products and the learning that took place during the design
challenges.
Crismond and Adams (2012) conducted a meta-analysis of literature on design teaching.
They created the Informed Design Learning and Teaching Matrix to assist teachers as they
implement design tasks in their classrooms (Crismond & Adams, 2012). One strategy Crismond
and Adams suggested is that teachers help students weigh the positives and negatives of their
options for design. When using a design approach to teach, educators can also model strategies
for troubleshooting faulty or poorly designed artifacts to help students understand how to modify
their designs. Teachers help students manage their time by incorporating deadlines for students
as they create and improve their designs (Crismond & Adams, 2012).
Makerspace Leadership
Koh and Abbas (2015) wrote that it is necessary to staff makerspaces with professionals
who understand innovative practices and emerging technologies to be sustainable. The authors
wanted to find out what competencies are required for information professionals to provide
services in makerspaces and learning labs, with the hope that the findings would help to evaluate
and improve program offerings. Data were collected from individual in-depth interviews with
makerspace leaders using semistructured interview questions. Nine participants were
interviewed, including 5 museum staff, 3 public librarians, and 1 science center professional.
Each participant held a degree beyond a bachelor’s. An analysis of interview data using
qualitative content analysis software showed critical competencies necessary for professionals in
makerspaces included the ability to learn, adaptability, collaborative spirit, willingness to
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advocate for the makerspace, and ability to serve a diverse group of people. Other skills
participants identified as key to success for professionals in the makerspace setting are
leadership, program development, writing grants and raising support, technology literacy, and
pedagogy based on theory. There are many implications for library and information science
(LIS) programs for higher education from this study. The authors recommended LIS programs
spend time teaching the critical competencies instead of focusing so much on technical skills.
They suggested giving time to problem-based learning and instructional design. Some of the
necessary competencies can be modeled and fostered in a LIS program and then transferred and
applied in a learning lab or makerspace.
Moorefield-Lang (2015) wrote that as makerspaces in school libraries become more
commonplace, librarians must keep up with quickly changing technology. The author wondered
whether preservice librarians were graduating with the ability to teach students about emerging
technologies, with a willingness to demonstrate some of the skills necessary in a makerspace
such as freedom to fail, accepting feedback from peers, collaboration with peers, and working
with new tools. Twelve librarians with makerspaces participated in the study. Moorefield-Lang
asked participants questions about how long they had a makerspace, what kind of training they
received, and more details about offerings of their makerspaces.
Results from Moorefield-Lang’s (2015) study suggest that librarians must continue to be
resourceful in finding training opportunities to keep up with rapidly changing technology for
their makerspaces. The author highlighted the need for increased research in the area of
makerspaces, including long-term studies that consider the effects of makerspaces in different
types of libraries. Moorefield-Lang also discussed training and peer learning via online
resources, which is of interest as the creation of a makerspace is considered.
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Summary
This chapter included a review of literature surrounding makerspaces. Consideration was
given to the practices of collaborative, student-centered, and project-based learning, as well as
engineering design. These practices inform a teacher’s roles and responsibilities in the
makerspace setting.
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Chapter 3: Research Method
The purpose of this study was to examine the roles and responsibilities of educators while
implementing makerspaces in formal and informal settings, as described by instructional
practices of collaborative learning, engineering design thinking, and problem- and project-based
learning. A better understanding of teachers’ roles and responsibilities within makerspaces may
guide other educators who wish to include these learning areas in their organizations.
The following questions guided research for this study:
Q1. What roles and responsibilities do educators have while implementing makerspaces
employing instructional practices of collaborative learning, engineering design thinking, and
problem- and project-based learning?
Q2. How do educators employ instructional practices of collaborative learning,
engineering design thinking, and problem- and project-based learning in makerspaces?
A phenomenological research design was utilized for this study. The focus of
phenomenology is the “lived experience” (van Manen, 2014, p. 26) that individuals have when
they take part in the phenomenon studied. Using this approach, I sought to understand the
experience of individuals who lead makerspaces. The study was planned to “depict the essence
or basic structure” (Merriam & Tisdell, 2015, p. 26) of the teacher’s roles and responsibilities
within a makerspace.
Research Design and Method
Phenomenology is a qualitative research approach frequently used in health research and
social sciences (Lopez & Willis, 2004; Merriam & Tisdell, 2015; Patton, 2014; J. Smith,
Flowers, & Larkin, 2009). Through their inquiry, phenomenologists seek to understand how a
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specific phenomenon comes into existence (Vagle, 2018). Vagle (2018) described phenomena as
how “we find ourselves being in relation to the world through our day-to-day living” (p. 20).
The aspect which is the focal point of the research may be a feeling, a program, a culture, or an
experience (Patton, 2014). For this research study, the lived experience of an educator leading a
makerspace was the phenomenon of interest.
Phenomenology is also considered a philosophical perspective (Merriam & Tisdell, 2015;
Patton, 2014; J. Smith et al., 2009). This line of study emerged from the work of the German
philosopher Husserl (2012). Husserl’s ideas were in contrast to commonly held views during his
era, which stated that the mind was completely separate from everything outside of the body
(Vagle, 2018). During Husserl’s time, philosophers believed that humans went through the
world with their minds disconnected from the natural world (Vagle, 2018). Husserl was
interested in determining whether an individual could understand how he or she experienced a
phenomenon in a way that enabled him or her to point out what was essential about that
experience (J. Smith et al., 2009). Husserl believed that information gained from one’s personal
experience was the only reliable source (Klenke, 2016; Vagle, 2018).
Husserl used the term “intentionality” to describe how humans have a connection with
the world (Klenke, 2016). A phenomenological perspective based on Husserl’s views suggests
that humans do not experience phenomena solely from an objective or subjective position.
Rather, “living and experience take place in the intentional relationship between the subjective
and the objective” (Vagle, 2018, p. 8). Approaching phenomenology descriptively, one would
be concerned with the description of what an individual experiences within her consciousness as
she interacts with the world (J. Smith et al., 2009). These descriptions give the researcher insight
into participants’ experiences (Patton, 2014).
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Heidegger studied under Husserl and extended the philosophy of phenomenology (Vagle,
2018). Heidegger fostered a more interpretive approach to phenomenological inquiry,
suggesting that the focus of such study should be how an individual relates to the world where
she lives (Klenke, 2016; Lopez & Willis, 2004). Heidegger’s concept of interpretive
phenomenology makes use of hermeneutics to provide meaning in everyday experiences (Lopez
& Willis, 2004). Hermeneutics is a way to understand and interpret meaning (J. Smith et al.,
2009). According to Lopez and Willis (2004), the interpretive approach is an effective method
to use when “examining contextual features of experiences that might have direct relevance to
practice” (p. 734).
Researchers who undertake a phenomenological study attempt to answer the central
question, “What is the meaning, structure, and essence of the lived experience of this
phenomenon for this person or group of people?” (Patton, 2014, p. 115). Phenomenology is a
suitable research method to guide inquiry about the roles and responsibilities of makerspace
leaders because it provides insight and a “detailed examination of lived experience” of teachers
in makerspaces (J. Smith et al., 2009, p. 47). Vagle (2018) wrote, “When we study something
phenomenologically, we are not trying to get inside other people’s minds. Rather, we are trying
to contemplate and theorize the various ways things manifest and appear in and through our
being in the world” (p. 22). A phenomenological study yielded valuable descriptions of the roles
of educators in makerspaces. A better understanding of the roles of teachers in makerspaces will
help prepare other educators as they plan curriculum for students and supervise makerspaces.
Through their leadership, teachers have the ability to transform school campuses, influence
school culture, and help students make gains in critical subject areas (Wenner, 2017).
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Creswell (2014) outlined a process for researchers to follow as they conduct
phenomenological research. First, researchers must reflect on their own experiences, prejudices,
opinions, and assumptions about the phenomenon in question. Through a process called epoche,
“the everyday understandings, judgments, and knowings are set aside, and the phenomena are
revisited” (Moustakas, 1994, p. 33). The researcher must bracket previously held opinions and
assumptions to consider new concepts and thoughts without interfering thoughts about her own
experience (Merriam & Tisdell, 2015). This process is critical for phenomenological research
because it allows the researcher to consider how he or she may have previous assumptions about
the study phenomenon (Merriam & Tisdell, 2015).
According to Creswell (2014), researchers must decide if a phenomenological approach
is best to address the research problem. Through this study, I sought to delve into teachers’
shared experience of being an education leader in a makerspace setting. Understanding the
educator’s experience is imperative to be able to craft professional development offerings for
individuals leading makerspaces.
Population and Sample
Individuals were eligible for participation if they were educators who led makerspaces for
students in grades K–12. Educators may have led in formal settings such as in a classroom with
a specific focus on maker activities or in a school library. Alternatively, educators may have led
makerspaces in informal settings like an extracurricular maker club. Teachers were included in
the population if their primary work was in an environment that provided maker activities for
students.
I used what Merriam and Tisdell (2015) called purposeful sampling to select participants.
Participants with the ability to provide applicable information to the research questions were
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chosen to take part in the study (Patton, 2014). J. Smith et al. (2009) suggested selecting a
purposive sample from personal contacts or referrals. I belong to several learning communities
within the International Society for Technology in Education (ISTE) that contained many
potential participants. The Librarians Network, STEM Network, Teacher Education Network,
and Early Learning Network are groups with individuals who are in the target population for this
study. Also, the online groups Nation of Makerspace Organizers and STEM Teacher Tribe had
potential study participants. In the past, many members of these groups described their work
with students in makerspaces and inquired about best practices for makerspaces. Other
researchers frequently solicit study participants from these large groups of educators.
Participants were also solicited from lists of local librarians and STEM teachers. Participants
were located in the Dallas–Fort Worth metroplex area so I could conduct observations of
makerspaces.
Purposive sampling differs from probability sampling, which enables the researcher to
make generalizations from the study results to the larger population (Merriam & Tisdell, 2015).
Patton (2014) argued that one of the most important features of purposeful sampling is that it
provides the researcher with participants who can provide detailed information about the
phenomenon studied. Purposeful sampling is appropriate for a phenomenological study because
this approach provides “insights and in-depth understanding rather than empirical
generalizations” (Patton, 2014, p. 264). The goal for this study was to further understand the
roles of the study participants without generalizing to the larger population of all teachers who
lead makerspaces.
The group of participants increased in number by using snowball sampling, which is one
of the most frequently utilized forms of purposive sampling (Merriam & Tisdell, 2015). Saldaña
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and Omasta (2017) described snowball, or network, sampling as a practice where study
participants recommend additional participants to the researcher to increase the sample size. I
followed the procedure outlined by Patton (2014) for snowball sampling, first interviewing a
small group of participants. Then, I asked the initial group for additional names of potential
participants for the study. Using this method, the network of participants grew as participants
suggested other participants who would be able to provide insight into the phenomenon studied.
Snowball sampling can be an effective way to gather a sample using social media and the
internet (Patton, 2014).
There is ambiguity surrounding the recommended sample size for qualitative inquiry.
Patton (2014) posited that a smaller sample yielding in-depth information might be as beneficial
as a large sample that provides information with less profundity. Creswell (2014) indicated that
the recommended sample size depends on the type of research utilized. The detailed process of
data analysis informs the selection of a small sample size for phenomenological research (J.
Smith et al., 2009). A sample size between 3 and 10 participants is considered appropriate for a
phenomenological research study (Creswell, 2014; J. Smith et al., 2009). Guest, Bunce, and
Johnson (2006) suggested that a sample size of 6 provided enough information to extrapolate
themes that detail shared beliefs and practices of a group of similar participants. This small
sample “should provide sufficient cases for the development of meaningful points of similarity
and difference between participants” but not such a large number that the data are difficult to
analyze (J. Smith et al., 2009, p. 51).
Data Sources
Investigators utilizing phenomenological research collect data primarily from interviews
(Creswell & Poth, 2017; Kvale, 2008; Merriam & Tisdell, 2015). Interviewing enables the
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researcher to “enter into the other person’s perspective” (Patton, 2014, p. 426) as a part of the
information gathering process. J. Smith et al. (2009) suggest that first-person interviews will
yield the most beneficial information about participants’ experiences with the phenomena.
Moustakas (1994) recommended asking the participants questions to elucidate their personal
account of experiencing the phenomena. Open-ended questions gave participants an opportunity
to share detailed descriptions that helped me gain as much information as possible about the
specific phenomena studied (Vagle, 2018).
Interviews questions for this study were created based on recommendations about
interview techniques. Information desired from participants should inform the types of questions
asked in an interview (Merriam & Tisdell, 2015). Merriam and Tisdell (2015) listed the
following characteristics of semistructured interviews: (a) Interviews are a combination of
structured and unstructured questions, (b) questions are used in a flexible fashion to guide the
interview discussion, (c) questions seek to garner specific data from participants, and (d) most of
the interview questions are focused on the primary phenomena studied. Patton (2014)
recommended that researchers use six different types of questions to elicit information from inperson interviews: (a) questions about experience and behavior; (b) questions concerning a
participant’s opinions, beliefs, and values; (c) questions that elicit a feeling or descriptive
response; (d) questions to demonstrate a participant’s knowledge of a phenomenon; (e) sensory
questions, which inquire about what the participant saw or heard; and (f) questions regarding a
participant’s demographics. Kvale (2008) suggested beginning the interview with a brief
introduction where the study and phenomenon are introduced to the participant.
A semistructured interview protocol was developed based on a review of the literature
and the research questions (see Appendix B). The interview questions began with an
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introduction and questions to establish the participant’s background. Questions asked
participants about strategies they implement in their makerspaces to address learning using
practices of collaborative, student-centered, and problem-based learning and engineering design.
In addition to interviews, I conducted observations of teachers in makerspace settings. I
assumed the role of a nonparticipant during teacher observations. The Reformed Teaching
Observation Protocol (RTOP; see Appendix B) was used to provide a guideline for teacher
observations (Piburn & Sawada, 2000). The RTOP is an instrument researchers use to examine
teacher practices during classroom observations.
The RTOP was created by a group of researchers from the Arizona Collaborative for
Excellence in the Preparation of Teachers (ACEPT; Piburn & Sawada, 2000). The goal of the
ACEPT was to improve teacher preparation, specifically in the subjects of science and math.
Researchers created the protocol as a way to obtain a quantitative measure of classroom reform
(Piburn & Sawada, 2000). Piburn and Sawada (2000) described reformed teaching practices and
methods that challenge students to build on their existing knowledge and engage them in a
process to deepen their learning. Reformed teaching practices may include students learning by
using physical materials before developing abstract ideas about concepts. The creators of the
observation protocol suggest it is imperative for students to be actively engaged in their learning.
Another necessary component of reformed teaching is collaboration between students (Piburn &
Sawada, 2000).
Piburn and Sawada (2000) tested the reliability of RTOP with interrater reliability (r2 =
.964, p < .01). Cronbach’s alpha showed internal consistency for the protocol (α = .97; Piburn &
Sawada, 2000). The creators of RTOP also tested for face, construct, and predictive validity
(Piburn & Sawada, 2000). Face validity was based on national teaching standards. Construct
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validity was based on whether items in the protocol were inquiry or standards based.
Researchers determined predictive validity of RTOP by observing mathematics, physical
science, and physics teachers in community college and university settings and comparing the
normalized gain score for each teacher with students’ understanding of content delivered in class
(Piburn & Sawada, 2000).
RTOP is divided into five parts. The first part of the protocol obtains background
information about the observed teacher, location, date, and time of the observation. Part 2 of the
RTOP is designed to collect information about the contextual background and activities that take
place during the observation. In this section, the observer can take notes about events she sees in
the classroom, such as the arrangement of the classroom, a description of the space, and
information about the teacher that the researcher thinks may be important to the study. Sections
three through five of the RTOP are presented with a five-point Likert scale, with possible scores
from never occurred to very descriptive. These portions of the RTOP are focused on lesson
design and implementation, lesson content, and classroom culture (Piburn & Sawada, 2000).
When considering lesson design and implementation, I determined the extent to which
students looked for opportunities to problem-solve. I considered whether the lesson was
designed to engage students. Questions in this section asked the observer to judge whether the
focus of the lesson was generated by students’ ideas and how the teaching practices respected the
students’ previous knowledge (Piburn & Sawada, 2000). Criteria in this section also focused on
whether students were allowed to explore before a teacher taught a lesson or gave students an
assignment to complete. While rating lesson design, I gauged the extent to which lessons were
created to allow students an opportunity to be an integral part of the learning that took place in
the classroom.
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In the section on content, the RTOP is divided into two parts. Half of the questions are
related to propositional knowledge demonstrated with the lesson. While evaluating the content
of lessons observed, I focused on whether the lesson addressed fundamental concepts, enabled
students to make connections with other subjects and real-world phenomena, and whether the
teacher had an understanding of the content delivered in the lesson. Other questions in the
content category are related to procedural knowledge, or what students do. Questions in this
section asked about how students learn the lesson material, whether they are engaged in the
lesson, and how they made and tested predictions about the content covered. I gave higher
scores to classrooms where students were working in a hands-on, engaged manner as they tested
potential solutions for their assigned challenges.
The last section of the RTOP focused on classroom culture. Questions on the RTOP
inquired about how the teacher communicated with the students. As I observed teachers
interacting with students, I gave higher scores to teachers whose students’ comments and
dialogue led to further class discussion or questioning of a concept. Teachers were also given a
higher score for this category if they challenged students’ thinking or understanding of an idea
through verbal discussion. In the assessment of student/teacher relationships, I rated classrooms
based on how teachers interacted with their students. When the teacher listened to students,
encouraged participation and was patient as she helped students, I noted a higher score for this
category.
Researchers utilize the RTOP to measure reformed teaching methods in math and
science subjects. The RTOP has been used for several studies. It is considered an appropriate
tool for observation in constructivist classrooms (Marshall, Smart, Lotter, & Sirbu, 2011). Jong,
Pedulla, Reagan, Salomon-Fernandez, and Cochran-Smith (2010) conducted a study to examine
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the relationship between the level of elementary school teachers’ reformed teaching practices and
students’ academic gains in mathematics. They used the RTOP to determine if there was a
correlation between teachers’ reformed teaching and students’ posttest content scores. These
researchers indicated there was a significant positive correlation between teachers’ RTOP scores
and students’ understanding of math content (r = .56, p < .05; Jong et al., 2010).
The RTOP was used to focus classroom observations on the practices teachers
implemented as they interacted with students. Information gained from the RTOP enabled me to
have insight about the education leader’s use of student-centered, collaborative, and problembased learning, as well as the teaching of engineering design in the makerspace. Individuals are
required to undergo training prior to using the RTOP as an observation protocol in research. A
training guide was available for the protocol. I obtained guidance and training from a certified
RTOP trainer prior to commencing with the study. Interrater reliability was confirmed by the
consistency of scores between the trainer and me during training sessions.
In addition to interviews and classroom observations, I collected archival data in the form
of lesson plans and classroom artifacts from participants (Miles, Huberman, & Saldaña, 2013). I
asked participants about these materials during interviews and collected them during classroom
observations. Alternately, some teachers emailed me archival materials following their
classroom observation. Presentations, student handouts, and lesson plans with objectives and
outcome statements provided information about an individual’s beliefs and pattern of conducting
work in the observed setting (Saldaña, 2015). Documents and artifacts provided insight into “the
interests and perspectives of their authors” (Saldaña, 2015, p. 69). Creswell and Poth (2017)
suggested that in addition to observations, archival material can serve as data sources in a
phenomenological study.
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Data Collection
Data collection for the study began when I obtained names for potential participants. An
email to area librarians and STEM teachers gave a brief overview of the research and eligibility
criteria for participation in the study. The message asked potential individuals to email me
expressing their interest in taking part in the study and encouraged participants to identify others
who met the eligibility criteria for the study. After compiling a list of potential participants, I
contacted individuals to outline the purpose of the study in more detail. I provided a letter of
informed consent to participants. I scheduled interviews with participants via telephone or
online video chat. I also scheduled classroom observations with participants.
Denzin (1978) advised using multiple methods or multiple data sources to confirm the
findings from a study. Classroom observations and archival data such as lesson plans enabled
me to compare, check, and confirm what participants revealed about educational practices during
interviews (Merriam & Tisdell, 2015). When I conducted makerspace observations, I asked
participants for confirmation and feedback about codes and emerging themes in the study
(Merriam & Tisdell, 2015). The process of member checking allowed me to seek clarification
about any questions I had following participant interviews. Participants also provided additional
information about themes when I asked for clarification or confirmation (Merriam & Tisdell,
2015).
Data Analysis
Creswell (2014) recommended analyzing data to determine common themes that emerge
from the way participants describe their personal experience. J. Smith et al. (2009) suggested
reading transcripts from interviews and taking note of any similarities, differences, and repeated
words, concepts, or ideas that may provide insight into how participants experienced the specific
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phenomena. In a process called horizonalization, all of a participant’s interview responses are
considered germane to the research problem (Moustakas, 1994). I took what Creswell (2014)
called “significant statements” and created clusters of meaning (p. 79). Next, I used the
statements and themes to create descriptions of how participants experienced a phenomenon.
I transcribed interviews, reviewed each transcript, and added notes that were taken during
the interview. I ensured that descriptions were accurately kept in the participant’s voice,
providing information about her personal experience leading a makerspace (Saldaña, 2015).
While reading through transcripts, I took notes and made memos about how participants
described their work in makerspaces and what language and words they used to describe it.
The computer program Dedoose (www.dedoose.com) was used to analyze data for the
study. Several educational researchers have used this computer-aided data analysis software
program to code and analyze data (Coffey & Atkinson, 1996; Johnson & Onwuegbuzie, 2004;
Johnson, Onwuegbuzie, & Turner, 2007). Once transcripts were uploaded, I began the process
described by J. Smith et al. (2009) to analyze data. J. Smith et al. emphasized that the first step
of analysis includes multiple readings of transcripts to understand what the participant is saying
about the phenomenon studied. Next, J. Smith et al. suggested researchers begin the initial
coding process in order “to produce a comprehensive and detailed set of notes and comments on
the data” (p. 83). I evaluated archival materials and began to generate codes to represent
participant data.
Next, I attempted to find repetitions and patterns from the data, which “is a way to
solidify observations into concrete instances of meaning” (Saldaña, 2015, p. 6). Following the
initial coding process, I wrote analytic memos to further develop thoughts and ideas from
participant interviews and observations. From my notes, I developed clusters of meaning using
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“significant statements” from participants (Creswell, 2014). These statements “reflect the
participant’s original words and thoughts but also the analyst’s interpretation” (J. Smith et al.,
2009, p. 92). The following list of topics were used to guide reflection and writing of memos:
1. Consider opinions, beliefs, and the personal relationship between the researcher and
participants or phenomenon studied.
2. Reflect on definitions and codes selected for the data.
3. Participants’ routines, roles, rituals, and relationships.
4. Categories, themes, and patterns that emerge from coded data.
5. Any theories that are related to the data or emerge from coding.
6. Any issues that may have surfaced from conducting the study.
7. Any personal or ethical dilemmas that have emerged from field observations.
8. Future direction for the study.
9. Review of analytic memos previously written.
10. Possible answers to the study’s research questions.
11. Reflection in preparation for the final report of the study (Saldaña, 2015, pp. 46–52).
From the memos, I attempted to find patterns and repetitions from the data, which “is a way to
solidify observations into concrete instances of meaning” (Saldaña, 2015, p. 6).
I followed a similar process of memo writing to analyze the artifacts participants shared
with me following observation of their makerspaces. Saldaña (2015) indicated that the analysis
of documents and artifacts can reveal information about participants’ education, what they
consider to be important, and how they work.
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Researcher’s Role
Merriam and Tisdell (2015) wrote that one hallmark of qualitative research is that “the
researcher is the primary instrument for data collection and analysis” (p. 16). Creswell and Poth
(2017) wrote that the phenomenological researcher must determine how his or her personal
experience and bias about the phenomenon in question will impact the research study. Instead of
attempting to completely eliminate biases, Merriam and Tisdell (2015) advocated for the
researcher maintaining an awareness of how their presuppositions inform the collection and
analysis of data.
I possess limited personal experience with makerspaces in the K–12 setting. Although
my primary role at work did not include teaching in a makerspace learning environment, I served
in an advisory role for my school’s makerspace. I am a STEM teacher with experience
implementing practices of student-centered, collaborative, and problem-based learning and
engineering design.
During classroom observations, I took a peripheral role (Saldaña & Omasta, 2017). In
this role, I watched and documented events and practices as I saw them occur without
participating. Saldaña and Omasta (2017) suggested this type of role is appropriate to use when
the focus of the observation is on the unfolding action the researcher is witnessing.
Ethical Considerations
Congress passed the National Research Act in 1974. The National Commission for the
Protection of Human Subjects of Biomedical and Behavioral Research was created with this
legislation (U.S. Department of Health & Human Services, n.d.). The commission authored the
Belmont Report, which detailed ethical principles and practices for researchers to consider as
they conduct research with human subjects (Saldaña & Omasta, 2017). One of the commission’s
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tasks was to detail guidelines that institutions must follow to ensure that human subjects are
protected during research.
Emanuel et al. (2008) proposed principles and benchmarks for ethical research.
Principles included considerations of the benefit of the study and how research outcomes will
affect the population or community studied. Emanuel et al. (2008) highlighted the importance of
protecting participants in a research study. Participants should be chosen to maximize data that
will enhance the study. Through a process called informed consent, participants must agree to
participate in research. Researchers give participants with details about the study’s potential
benefits and insight into what types of information the study is expected to produce. Emanuel et
al. (2008) provided guidelines for ensuring respect for participants. The researcher must
maintain confidentiality and notify participants that they may withdraw from the study at any
time.
At educational institutions, the institutional review board (IRB) ensures that research
adheres to ethical guidelines and federal regulations, thereby overseeing the welfare of research
participants (Creswell, 2014; Saldaña & Omasta, 2017). The Federal Policy for the Protection of
Human Subjects gives direction to IRBs. Research with human participants must follow the
directives detailed in Federal Regulations Title 45, Part 46, Subpart A (U.S. Department of
Health & Human Services, n.d.).
A research review request must be submitted to the IRB at Abilene Christian University
(ACU) if researchers are ACU students and the research involves human subjects (Office of
Research and Sponsored Programs, 2018). The researcher must gain approval for the study
before starting research. Approval of a study indicates that the study will follow federal
regulations for research. Before commencing with an investigation, all researchers at ACU are
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required to take part in training which provides information on the history and current ethical
practices required for research (Office of Research and Sponsored Programs, 2018).
I informed participants that the study followed the IRB’s outlined procedures for research
at ACU. Adult participants signed an informed consent form and were reminded of their ability
to withdraw from the study if desired. When individuals agreed to participate in the study, they
were notified that interviews would be recorded for later transcription. I agreed to keep all
collected information confidential. Permission was requested from observation sites prior to
scheduling school visits. Children were present in observed classrooms, but I was focused on the
instructor’s teaching methods. Video or photographic documentation of classrooms was not
collected.
Assumptions, Limitations, and Delimitations
Assumptions. Merriam and Tisdell (2015) wrote a qualitative phenomenon “is not a
single, fixed, objective phenomenon waiting to be discovered, observed, and measured as in
quantitative research” as they differentiated between quantitative and qualitative research (p.
242). A challenge for studying educators’ experiences is that participants provide different
accounts of their roles and responsibilities. It was critical to strengthen the internal validity of
this study to ensure that a comprehensive and full account of the educators’ experience was
included in the study’s final results.
The internal validity of this study was increased through the use of triangulation and
member checking. Denzin (1978) advised using multiple methods or multiple data sources to
confirm the findings of a study. Classroom observations and archival data such as lesson plans
enabled me to compare, check, and confirm what participants revealed about educational
practices during interviews (Merriam & Tisdell, 2015). Member checking took place when I
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asked participants for confirmation and feedback about codes, themes, and initial findings from
the study (Merriam & Tisdell, 2015). Member checks allowed me to eliminate misconceptions
about how participants may have answered interview questions and provided an opportunity for
participants to give additional helpful information about emerging themes (Merriam & Tisdell,
2015).
Limitations. Lincoln and Guba (1985) proposed that concepts of reliability and validity
that are utilized in quantitative research are not applicable to qualitative research. Instead,
qualitative researchers must be concerned with a study’s credibility, transferability,
dependability, and confirmability (Lincoln & Guba, 1985). These concepts help to determine the
trustworthiness of a study (Saldaña & Omasta, 2017).
Credibility corresponds with the internal validity of a quantitative study (Lincoln &
Guba, 1985). Saldaña and Omasta (2017) suggested ways researchers can establish
trustworthiness in the form of credibility. First, the research design must be thorough and wellprepared. Second, research questions should correspond with the data collected and the research
method selected for the study. To increase credibility, the researcher must give information
about the coding and analysis of data to ensure that data is accurate.
The research design for this study followed methodology prescribed by previous
researchers (Creswell & Poth, 2017; Merriam & Tisdell, 2015; Patton, 2014; Piburn & Sawada,
2000; Saldaña, 2015). Questions for semistructured interviews were derived from study research
questions. A phenomenological design was appropriate to glean information about the roles and
responsibilities of makerspace leaders.
It is doubtful that this study is generalizable to the entire population of makerspace
educators, which is not necessarily the goal of this type of research. However, one may be able
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to extrapolate information from the study to other maker environments (Patton, 2014).
Extrapolation of findings may be able to inform professional development offerings for
individuals who lead and teach in makerspace environments.
An additional limitation is that permission was not granted for access to observe three
makerspaces in the Dallas–Fort Worth area. These makerspaces are all located in the same
district, which has particular protocols for requesting permission to visit campuses. While the
educators still wished to participate in the research and provided information during interviews, I
was unable to visit their makerspaces to collect data and perform an observation using the RTOP
protocol.
Delimitations. This study focused on educators who lead makerspaces in the K–12
setting. Leaders of makerspaces in the higher education sector were not included in the study
population. Participants may have led in formal settings such as in a classroom with a specific
focus on maker activities or in a school library. Alternatively, educators may have led
makerspaces in informal settings like an extracurricular maker club. Observation locations were
selected based on proximity to my home, with sites in public or private schools in the Dallas–
Fort Worth area.
Summary
In this chapter, the design and methodology of the research study were described. A
phenomenological research design guided this study of the roles and responsibilities of educators
while implementing makerspaces in formal and informal settings, as described by instructional
practices of collaborative learning, engineering design thinking, and problem- and project-based
learning. Data sources for the study included semistructured interviews, classroom observations,
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and archival data such as lesson plans. I conducted data analysis to obtain insight into the lived
experience of teachers who lead makerspaces.
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Chapter 4: Results
The purpose of this study was to examine the roles and responsibilities of educators while
implementing makerspaces in formal and informal settings as described by the instructional
practices collaborative learning, engineering design thinking, and problem- and project-based
learning. A qualitative research method, phenomenology, was an appropriate method to
understand the experiences of teachers as they lead makerspaces. In this study, I sought to
examine the lived experience of educators leading makerspaces within their organizations. My
goal was to elucidate roles and responsibilities educators have within makerspaces to guide other
educators who wish to include these learning areas in their organizations.
The following questions guided the study:
Q1. What roles and responsibilities do educators have while implementing makerspaces
employing instructional practices of collaborative learning, engineering design thinking, and
problem- and project-based learning?
Q2. How do educators employ instructional practices of collaborative learning,
engineering design thinking, and problem- and project-based learning in makerspaces?
This study followed a phenomenological research design. Phenomenology provided a
way to understand better how teachers who lead makerspaces operate by providing information
about the “meaning, structure, and essence of the lived experience of this phenomenon for this
person or group of people” (Patton, 2014, p. 115). Phenomenological research yields “insights
and in-depth understanding rather than empirical generalizations” (Patton, 2014, p. 264) about
participants and the phenomenon studied—in this case, makerspaces.
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Data Collection
I selected participants using purposeful sampling methods to identify participants that
would provide the most detailed information about the phenomenon studied. Data collection
procedures followed the steps outlined in Chapter 3. This process adhered to the guidelines and
protocol for the IRB at ACU.
Ten elementary school educators who lead makerspaces in districts in the Dallas–Fort
Worth metroplex participated in interviews for the study. Individual interviews lasted from 18 to
45 minutes, with the average interview lasting for 25 minutes. All discussions were conducted
over the phone. Interviews were recorded and transcribed using a digital transcription service.
At the conclusion of each interview, I asked individuals about the best time to observe them in
their makerspace. After contacting school principals and in some cases, district officials to
obtain permission to observe, I scheduled observations of makerspaces. Observations were
evaluated using the RTOP. After each observation, teachers provided lesson plans and archival
data that were also analyzed as part of the study.
Observation data were available for 7 teachers. One district where 3 participants worked
had a strict policy about research conducted inside their schools. I was required to submit an
application to the district’s research board to request permission to visit the makerspaces. After
2 months, I received notice that my request to visit the makerspaces was denied. The district’s
research board deemed the research focus too narrow to provide benefit to their district. While I
had interview data from the 3 participants, I was unable to collect data from the RTOP for these
3 teachers. Thus, while I had interview data for 10 participants, I observed only 7 teachers. A
description of each participant follows.
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Participant Descriptions
To maintain confidentiality, each participant in the study was given a pseudonym.
Descriptions of each participant are below.
Participant 1—Jennifer. Jennifer was in the middle of her first year as the library media
specialist at her school’s campus. Before to taking this position, she taught middle school in an
adjacent school district for 10 years. In her graduate studies to obtain her library certification,
Jennifer studied the maker movement. When Jennifer assumed her position as librarian, she
inherited materials and supplies from the previous librarian for a makerspace. Jennifer described
the makerspace at her school as a nook occupying one-fifth of her library. She was part of a
district-wide program piloting makerspaces. Students at Jennifer’s school took part in
makerspace activities during their library time, in addition to checking out books and learning
about literacy. Additionally, there were certain days each month when students rotate through
the makerspace while teachers have an extended planning period.
Participant 2—Kathleen. Kathleen was the library media specialist at her school. She
has worked in this position for 12 years. Before she took this position, she was a library media
specialist in another local district for 10 years. Kathleen described the makerspace in her library
as a dedicated space with flexible furniture for students to use. Other schools in Kathleen’s
school district have makerspaces. The library media specialists frequently met to share ideas
with one another. Students in kindergarten through second grade regularly visited the
makerspace on a weekly basis, whereas classes from upper grades dropped in or used the
makerspace for enrichment or as an activity for rainy-day recess.
Participant 3—Samantha. Samantha has been the library media specialist at her current
school for 4 years. Before to taking this position, Samantha was a classroom teacher in the same
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district. Samantha described her makerspace as an extension of the library with glass walls
separating it from bookshelves. Students rotated through the makerspace every week. Younger
grades had a combined library and makerspace time, whereas older students came to the
makerspace on a regular rotation.
Participant 4—Karen. Karen was the library media specialist at her school. She moved
into this role 9 years ago. Karen described her makerspace as an entire section of the library
with tables and chairs for students to participate in maker activities. Students in lower grades
came to the library each week, but the purpose of their visit alternated. One week, students had a
makerspace or STEM lesson, and the following week they checked out books from the library.
Students in upper grades were on a flexible schedule where teachers signed up if they wanted to
bring their classes to the makerspace.
Participant 5—Shawna. Shawna has been an educator for 17 years. She has been the
librarian at her school for 5 years. Shawna’s responsibilities also included overseeing the
school’s makerspace. Shawna described her school’s makerspace as a large room completely
separate from the library. Students rotated through the makerspace once a week. They visited
the school’s library at a different time. During library class, Shawna also liked to utilize maker
activities for students.
Participant 6—Martha. Martha has been a teacher for 17 years. This was her second
year as the library media specialist at her school. Martha was a makerspace enthusiast and
explained that her makerspace was part of a pilot program in her district for libraries to
implement makerspaces. When they visited the library, students participated in a blend of free
makerspace time, structured makerspace lessons and activities, and library lessons.
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Participant 7—Kelsey. Kelsey has been an elementary school librarian in the same
district for 26 years. For the past 14 years, she has been the librarian at her current school.
Rather than having the makerspace open and available for student use at all times, Kelsey
utilized the makerspace on a more limited basis. Students came to the library primarily for
lessons on literacy and media and used the makerspace to supplement learning from their
classrooms.
Participant 8—Erin. Erin has been an elementary school teacher for 11 years. For the
past 2 years she has been a makerspace teacher at her current school. Erin taught grades pre-K
through 4th grade on a rotating basis in her school’s makerspace, which is a class that students
went to each week to participate in maker activities. I interviewed Erin for the study, but there
was not an opportunity to observe her makerspace because she worked in the school district that
did not approve data collection to take place in their schools because the district’s research board
deemed the research focus was too narrow to provide benefit to their district.
Participant 9—Bridget. Bridget has been an elementary school teacher for 7 years total.
She has been a makerspace teacher at her current school for the past 3 years. Students came to
Bridget’s makerspace each week. During their time in Bridget’s class, students participated in
maker activities and lessons. I interviewed Bridget for the study, but there was not an
opportunity to observe her makerspace because she worked in the school district that did not
approve data collection to take place in their schools because the district’s research board
deemed the research focus too narrow to provide benefit to their district.
Participant 10—Stella. Stella has been an educator for 26 years total. Last year, she
transferred to her current school, where she serves as the librarian. The makerspace at Stella’s
school was an activity center within the library rather than a separate class students attended.
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She tried to incorporate makerspace activities regularly with her students, but when they visited
her class, students also checked out books and learned about literacy topics. I interviewed Stella
for the study, but there was not an opportunity to observe her makerspace because she worked in
the school district that did not approve data collection to take place in their schools because the
district’s research board deemed the research focus too narrow to provide benefit to their district.
Reformed Observation Teaching Protocol Results
The four instructional practices of collaborative learning, student-centered learning,
engineering design thinking, and problem-based learning served as an organizational system to
assess what teachers’ roles were and how they went about implementing them in makerspaces.
Classroom observations provided an opportunity to see educators utilizing the instructional
practices. During these observations, I was a nonparticipant observer, watching the teacher lead
her class and interact with students. These observations provided insight into teacher-student
interactions, lesson design, lesson content, and teachers’ roles within the makerspace.
I gave a score to teachers in five categories using the RTOP: propositional content,
procedural content, communicative interactions, student-teacher relationships, and lesson design
and implementation. The RTOP was created to examine a teacher’s reformed teaching practices
in the classroom. The protocol provides researchers with quantitative and qualitative data about
teachers and classrooms. Reformed teaching practices are those that enable students to build on
existing knowledge but challenge them to undergo a process of deepening their learning (Piburn
& Sawada, 2000). Makerspace educators may utilize reformed teaching practices to help
students learn by using physical materials to understand abstract ideas and concepts better.
There are five sections on the RTOP. The first section is used to collect a description of
the observed teacher, location, date and time of the observation. The second part of the RTOP is
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used to obtain information about the lesson and activities in the observed classroom. The last
three sections of the RTOP use a five-point Likert scale with possible scores from never
occurred to very descriptive. These sections of the RTOP focused on lesson design and
implementation, lesson content, and classroom culture (Piburn & Sawada, 2000).
To determine each categorical score for the RTOP, I divided the number of points
received by the total number of points possible for the group. To determine the total RTOP score
for each teacher, I added up the number of points they received for each category. Table 1 lists
the participants’ RTOP scores. Figure 1 shows the participants’ average scores for each
category. A more detailed description of each category is below, with information about how the
categories were scored during observations.
Table 1
Reformed Teaching Observation Protocol Scores
Participant

Lesson
design

Propositional

Procedural

Communicative

Student/teacher

knowledge

knowledge

interactions

relationships

Total
score

Shawna

0.6

0.2

0.2

0.4

1.0

12

Samantha

1.0

0.2

0.4

0.6

2.0

21

Karen

0.8

0.2

0.0

1.0

0.8

14

Kathleen

1.6

1.60

1.8

1.0

2.6

43

Martha

3.3

1.80

1.8

1.6

2.0

47

Jennifer

1.0

0.4

0.2

1.0

2.2

24

Kelsey

1.2

1.4

0.2

0.6

1.6

25
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RTOP Categories

Student/Teacher Relationships

1.74

Communicative Interactions

0.89

Procedural Knowledge

0.66

Propositional Knowledge

0.83

Lesson Design

1.2
0

0.5

1

1.5

2

2.5

3

3.5

Average Teacher Score

Figure 1. Average RTOP categorical scores for study participants (N = 7). Average teacher
scores varied from 0 (never occurred) to 4 (highly descriptive).
Data Analysis
Following individual interviews and observations, data analysis began. Data analysis
followed the steps outlined in Chapter 3.
Themes
As educators discussed their work in makerspaces during interviews, they gave responses
that addressed Research Question 1: What roles and responsibilities do educators have while
implementing makerspaces employing instructional practices of collaborative learning, studentcentered learning, engineering design thinking, and problem-based learning?
Five major themes emerged from the analysis of interviews and data from the RTOP.
These themes provide some explanation for what teachers’ roles and responsibilities are in
makerspaces and how they accomplish those roles. First, makerspace teachers are planners.
Second, the makerspace teacher facilitates a student-centered learning environment. Third,
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makerspace teachers mentor students as they solve problems. Fourth, the makerspace teacher
provides knowledge to students. Fifth, the makerspace teacher provides resources for students.
Each theme is addressed in detail below.
Theme 1: The makerspace teacher is a planner. Teachers indicated that they spend a
large amount of time planning activities for their students to complete in the makerspace. The
direction of lessons was often determined by curriculum standards, directives from school, and
district administration.
Several teachers shared that their desire to connect projects in the makerspace with other
educational subjects was often the impetus for running certain activities in the makerspace.
Participants indicated that they tried to make a connection between lessons in the makerspace
and the Texas Essential Knowledge and Skills (TEKS) objectives to increase the academic
nature of the makerspace. Participants highlighted the necessity of tying makerspace lessons to
TEKS to fulfill directives from their principals or school districts. Some of the teachers
interviewed indicated that they had a requirement to teach lessons in the makerspace with a focus
on a particular type of content. For example, Jennifer’s school district mandated that lessons
taught in the makerspace must be literacy based. Jennifer explained:
Because all of the makerspaces are run through the library, they are literacy based. So,
the activities have to be connected to a book, and the book needs to be connected some
way to the challenge that we’re going to have the kids do.
Samantha noted, “The [makerspace] activities that we do generally hit their TEKS or the things
they’re studying.” Similarly, Kelsey said she “goes to the TEKS to find out what to teach.”
Martha concurred, saying, “Our makerspace is based on the TEKS and based on the curriculum.
We do have free makerspace time where they just come in and they build and explore, but I work
with teachers to correlate and support their curriculum.”
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The physical location of makerspaces often determined the focus of activity. Six of the
observed makerspaces were located in a school library, so it was natural for librarians to tie
STEM challenges to literature. Three of the lessons observed were activities in conjunction with
a book students read. Jennifer planned her makerspace activities based on her principal’s
directive. Her principal also wanted a particular focus for their school’s makerspace:
My principal has said because we are a low income, low SES [socioeconomic status], that
she wants the kids to learn more just about the collaboration and the communicating with
each other. So, I’ve been trying to focus on that while making sure to cover a TEK in the
makerspace
Similarly, Martha shared how she used the district model for teaching engineering in her own
makerspace:
They are really following the model of the engineering design process [in the district’s
new STEM center]. So that’s something that we took from them and bringing it down to
our school and a lot of the library media specialists.
During interviews, teachers indicated they wanted their makerspaces to be seen as more
than free centers where students explore and play with available materials. Free centers are often
used in primary grades for literacy subjects or open-ended play. When this model is used,
students self-select the center in which they would like to play. In five of the classrooms
observed, teachers sent students to stations to rotate through for the duration of the class. Some
of the stations contained task cards with instructions for students about how to use available
materials. At other stations, students were allowed to create whatever they desired within the
allotted time. When I observed makerspaces, teachers put out materials for students such as
LEGO, K’Nex, straws and connectors, popsicle sticks, 3-D coloring pages, Snap Circuits,
cardboard, foil, plastic cups, yarn, and construction paper. This type of play did not appear to
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have a strong connection to curriculum or standards in spite of the fact that during interviews,
some teachers explained they designed lessons for students to learn specific content.
Several teachers shared how important it was to them that students truly learned
something in their classroom. They also wanted teachers to recognize the value of the
makerspace. Given this desire, many teachers indicated they worked diligently to ensure
activities in the makerspace had a purpose and helped to fulfill student learning objectives.
Kathleen explained,
The kids absolutely love the activities that we do in there, but I also don’t want my
teachers to think they’re just in there playing. I want [the teachers] to see that they’re
getting skills, and they’re learning how to do things. I’m still trying to wrap my brain
around all that and to rationalize both sides of it and just where that space can fit in that is
going to benefit the kids and benefit the teachers.
The curriculum connection in makerspaces corresponds with the content section of the
RTOP. The propositional knowledge section of the RTOP assesses the extent to which students
learn and understand concepts of the subject studied and if they make connections with other
subjects as a part of the lesson (Piburn & Sawada, 2000). Overall scores for propositional
knowledge ranged from 0.2 to 1.8 out of a possible score of 5. The mean score for this category
was 0.83, indicating that although teachers stated it was essential to make cross-curricular
connections with makerspace activities, it was not explicitly observed in their classrooms.
The curriculum connection in makerspaces also corresponds with the lesson design
section of the RTOP. One criterion on the RTOP focuses on the extent to which “the lesson
involved fundamental concepts of the subject” (Piburn & Sawada, 2000, p. 29). Five teachers
received a score of zero for this criterion. Another propositional knowledge question on the
RTOP focused on whether the lesson “promoted strongly coherent conceptual understanding”
(Piburn & Sawada, 2000, p. 29). For this criteria, 1 teacher received a score of one, 1 teacher
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received a score of two, and the rest scored zero. The lack of content connections and clear
lesson goals led to low RTOP scores for the broad category of lesson design. During the RTOP
observations, specific lesson design criteria were not present or relatively low, resulting in poor
overall scores for this category of the RTOP. Scores on the RTOP for lesson design ranged from
0.6 to 2.2, with a mean score of 1.2. Of the classes observed, teachers who presented a formal
lesson scored higher in the lesson design category overall because they taught students targeted
concepts instead of solely providing time for free exploration and center rotation. However, the
lessons that teachers did present were “designed to engage students in the learning community”
(Piburn & Sawada, 2000, p. 29). Every teacher observed received a score of one or higher for
this criterion on the RTOP.
There were not many lessons observed with clear teaching objectives. Nor were
objectives evident in archival materials collected from participants. Most artifacts collected did
not include any TEKS or objectives students would accomplish as a result of participating in the
makerspace lesson. Jennifer shared lesson plans for the past 6 months. She included a column
on the page to write the standard covered with each lesson, but no standards were written on the
lesson.
A lesson plan obtained from Kelsey detailed a plan for students to learn how to solve a
Rubik’s cube. She wrote TEKS terms for students to learn in the lesson, which included edge,
angle, vertex, perimeter, inventions, design, engineering, perseverance, and patience. The
standard that she listed came from the Texas School Library Strand 2.2.0, which stated, “School
libraries facilitate an inquiry (research) process that students use to pursue, create, and share
knowledge across a range of literacies including information, digital, print, visual, and textual,
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for personalized, rigorous academic learning experiences and personal needs” (Tex. Educ. Code
§ 33.021, 2017).
In the absence of a formal maker curriculum, much of the observed makerspace activity
appeared to be free time for students. Even though in interviews, participants expressed a desire
to present a content-rich lesson to students in the makerspace, the observed reality was that it
was difficult for teachers to accomplish this goal. Lesson design and corresponding plans did not
support the teachers’ attempt to connect makerspace activities with instructional goals.
Theme 2: The makerspace teacher facilitates a student-centered learning
environment. When interviewed, all participants responded that their makerspaces were very
student centered. Teachers shared how their lessons provided opportunities for students to
explore concepts on their own. Although teachers touted their lessons and makerspaces as
student-centered, upon observation it became evident that practically this just meant students
could choose the station or activity in which they wanted to participate during their makerspace
time.
The connotation of a student-centered space most frequently meant students could do
what they wanted with materials available to them at a center. Shawna explained, “There’s
always so many things going on in there that they can just choose where they want to go and
what they want to do.” Kathleen commented there are some teachers in her district whose
student-centered “philosophy on the makerspace is very, very broad, and they put out lots of
things and the kids come in and do whatever they’d like to, whenever they’d like to.” I observed
makerspaces like what Kathleen described, where teachers put out a vast amount of materials for
students to use if they wanted.
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Many teachers discussed how giving students freedom to select projects and activities in
the makerspace required teachers to let go of a prescribed outcome for student work. Martha
stated,
Whatever [a student’s] product ends up being—it’s not something that I put out there. I
never give examples. Like, I never present an end product example. Whatever they end
up with is centered on what they wanted to make, especially in their group.
As she provided opportunities for students to exercise free choice in the makerspace, Karen said
class time “was not driven by me, it was driven by [students’] creativity.”
Some teachers acknowledged that giving students the freedom to choose their projects
was a shift from the more traditional teaching methods they employ in their formal classrooms.
Kathleen commented, “A lot of makerspace for them is that freedom, but I’ve done this for so
long that it feels weird to give up that control to let them make their own choices and drive their
learning.” Erin shared the importance of giving students a chance to do work on their own:
I feel like we have told them what to do before—accidentally or without thinking about
it. And then every single thing that the girls end up creating looks very similar to what
we showed them online—like if we found something on Pinterest. So, I think what we
learned, and for me especially, is I can look at all of those things, I can look at a few
examples, but not necessarily show them.
Bridget thought some teachers may have difficulty letting go of control of student projects in the
makerspace. She commented,
I think teachers want their end-result projects to look so nice and so perfect in a
makerspace, but it’s not going to look like that. It’s going to be a bunch of cardboard
pieces, glue to keep it together, and you just have to accept it.
Some teachers shared specific strategies they use to ensure that their makerspaces remain
student centered even as they facilitate learning for students. Erin said she had to be cognizant of
how much she assists students with projects in the makerspace. She stated,

65
Be sure I am not showing them exactly like, “Oh, this is what it can look like.” But just
showing them a couple of things and stopping at a certain point. And then just saying,
“Okay, I don’t want to show you everything because I want to see what you come up
with.”
Kelsey added it is vital to “be willing to accept multiple answers because these kids are super
creative. They’re going to come up with stuff you would never dream of.”
Teachers expressed a large part of their role with student-centered learning is to make
sure the class operated smoothly in terms of logistics. Every teacher interviewed discussed how
the scheduling and physical set up of their room are maximized in a way to encourage studentcentered exploration. Samantha described how students are in the makerspace for a longer
period of time with her and their regular classroom teacher, suggesting, “All the teachers like
being in there in the makerspace with the students and seeing what they’re doing, so they all
chose to come in as a class on a rotation.” This longer time in the makerspace with an additional
educator allowed Samantha to focus more on students as they worked on projects. When
students came to the makerspace, they decided what type of activity they would like to work on.
They went to a particular center and started working on the challenge on their own. During
class, Samantha milled around the room asking students questions to deepen their thinking and
increase their understanding of the concept they are supposed to learn at their station. Karen said
she considered it her responsibility to “make sure students were staying on task and that they
were plodding along in their project.”
Three specific criteria on the RTOP addressed the student-centered nature of the lesson
observed. The RTOP focused on the extent to which “active participation of students was
encouraged and valued” and whether “in general the teacher was patient with students” (Piburn
& Sawada, 2000, p. 31). These two criteria had the highest mean scores of the other criteria on
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the RTOP, with an average score of 2.29. This high average score lends evidence that in a
student-centered environment the teacher supports students’ learning by being patient as they
explore and engage with lesson material. The next highest average score for a criterion was the
question of whether “student exploration preceded formal presentation” (Piburn & Sawada,
2000, p. 31). The mean score for this criterion was 2, indicating that in the observed
makerspaces, students did have an opportunity to explore and test materials before the teacher
formally taught how to use them or dictated what to make.
In interview responses, some participants suggested that instead of a focus on teaching
content, teachers in makerspaces guide students along as they explore and learn on their own.
Karen said that in the fluid setting of a makerspace, “there was no direct instruction because
every group is working on a different topic.” With students often deciding what they wanted to
do in class, Karen believed that rather than providing information about content, she should
allow students to explore on their own with the materials she provided. Similarly, Kathleen said
projects had “morphed from more of a structured format where I’m instructing on how to use the
items into more of me setting out all these things and students have to use them in their own
creative way.” Further, Kathleen suggested, “It always seems to amaze me what students do
teach themselves about when you give them that freedom.”
Theme 3: The makerspace teacher mentors students as they solve problems. During
observations of makerspaces, problem-solving served as an umbrella for much of the work
conducted. Engineering design and collaboration were often by-products of a focus on problemsolving. The teacher would present a challenge and students would attempt to solve the problem
within a specified time frame. Frequently, the teacher would serve as a mentor or a guide as
students worked through their activities.
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Every teacher interviewed said it was her responsibility to provide a problem or give
direction to students for their time in the makerspace. Often, teachers said they had one problem
for students to work on in class, which could range from a STEM challenge to an ongoing
project completed over several class periods. Samantha said, “If it’s a STEM challenge, that’s a
challenge I’ve set for them. There’s instructions where I explain the how-to, what their
constraints are, and what materials they can use,” Shawna indicated that she works with a
committee of teachers to decide what materials to put out and which challenges to give students
for the week.
Of those interviewed, 4 teachers expressed that their teaching responsibilities in the
makerspace include giving specific constraints and requirements for a project to students but
leaving assignments open-ended enough so students were still responsible for developing
solutions or final products. For example, Bridget indicated that she “often tells students what the
end goal is, but not precisely how to accomplish it.” Students in her class recently worked on an
assignment to create a logo. While they knew the end goal was to create a logo, she did not tell
them how to design it or the processes for making the logo. Bridget said that it was crucial for
educators in a student-centered environment to be “open-ended enough to give students’ voice
and choice for how they take on a project.” Erin also shared about the challenge of giving
students enough information to work on a project without telling them exactly how to do it:
I have done that accidentally without thinking about it. And then every single thing that
the girls ended up creating looks very similar to the examples I showed them. So, I think
what I learned is that I can look at a few examples or things for myself. But I don’t
necessarily show them because that takes away from their own creativity.
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Participants indicated they taught students about the engineering design cycle as they
participated in challenges. Samantha indicated that she liked to offer students options to
participate in these types of activities:
I like to create lessons that are more challenge centered where they do have constraints
on them, generally like, “These are your materials. Build a boat that’s going to hold
weights and see how many grams you can have it hold and float in the water.” You
know, that’s the typical challenge that they love, but they’ll keep coming back every
week and improve upon it. Some kids will come back, and they’re like, “I did this last
week, but I want to do it again.” But they have some ideas for something different,
which I love, for that improvement stage.
When students participated in problem-based activities in the makerspace, teachers
frequently encouraged students when they were stuck with a problem. Martha achieved this by
giving students examples of how she tried to accomplish the task they were doing. She said she
might advise students, but when they asked her a question, she bounced it back to them to
wrestle through on their own. Similarly, Erin asked students how she could help them figure out
the issue they are facing. Jennifer shared the following scenario during her interview:
A lot of students get frustrated by different challenges, and it’s my job to help them learn
that they can push through and they can do it. I want to make sure it’s a safe enough
environment that they’re willing to do that and risk themselves. We did something as
simple as paper airplanes at the very beginning of the year. I’m at a Title I school, and
we had students in the 4th grade that have never made a paper airplane before. So, they
did it the first time by themselves, and I was like, “Okay, how’d we do? Some of us
managed to get paper airplanes to fly, some of us did not. So, let’s take it through stepby-step. Here are some guidelines that when you’re making a paper airplane, you want to
kind of follow.” And just teaching them those little things and then just encouraging
them, “Let’s keep trying, let’s keep trying.” And because it was something as simple as
paper airplanes, we were able to keep testing it and proving them and trying again, over
and over, until we were able to do it successfully. So, I taught them that day to have the
determination to see a challenge the whole way through.
All observed teachers indicated that part of their responsibility while students were in the
makerspace was to help them learn to work together. Participants expressed that while students
were problem-solving or completing challenges, they had an opportunity to work on
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collaboration skills. Several teachers revealed that they helped facilitate collaboration in groups
by demonstrating how to work together or by prompting discussion among group members.
Martha gave her students opportunities to role-play examples and nonexamples of how to
collaborate in the makerspace. Jennifer gave her students guidance about how to work in a
group:
We talk about how their group picture needs to have different parts and pieces from their
individual ones. It can’t just all look exactly like one particular person’s. It needs to have
bits, and it needs to be a shared project with input from every person.
Bridget also shared several examples of how she taught students how to collaborate. With
kindergarten students, she demonstrated how to work with a partner and modeled how to give
feedback:
We were big on having them help each other by giving feedback, and that was a big,
difficult thing for them. Many times they just said, “Oh, looks good. It’s pretty.” So, we
had to have a lot of lessons and practice giving specific feedback that actually helps their
partner and their group to make the project better.
Some teachers noted the challenge of presenting a true problem-based activity within the
limited time frame they had students in the makerspace. In the library makerspaces of 8 teachers
interviewed, students divided time between checking out books and rotating through
makerspace-type activity stations. One teacher noted,
By the time students come to class, check in books, I give directions, and have them start
on their project. If I make sure to leave enough time to clean up and transition, students
only have about 20 minutes to complete an activity, which isn’t long enough for a true
problem-based approach.
The RTOP category that focused on classroom culture contained questions that
corresponded with the teacher serving as a mentor to students as they problem-solved. One
question inquired about whether “the teacher’s questions triggered divergent modes of thinking”
(Piburn & Sawada, 2000, p. 31). Participants’ mean score for this criterion was 1.0, which was
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on the lower end of possible scores. Although observed teachers did not necessarily cause
students to consider a different mode of thinking, their presence and feedback about activities in
the makerspace either encouraged or redirected student work when necessary. The RTOP
assessed if “the metaphor ‘the teacher as listener’ was very characteristic of this classroom”
(Piburn & Sawada, 2000, p. 31). Participants’ mean score for this criterion was 1.57. Rather
than provide students with answers, observed teachers helped students think about how to solve
problems as they worked in the makerspace. This was accomplished with dialogue about the
problem, with the teacher providing pointed questions for students to consider as they worked.
Theme 4: The makerspace teacher provides knowledge. Makerspace teachers impart
knowledge to their students as they prepare them to complete design challenges and activities.
The knowledge imparted to students in this instance differs from content knowledge. A teacher
in a makerspace may instruct students about how to accomplish a new skill or task, how to use a
new piece of equipment, how to collaborate with others, or how to problem-solve.
Nine of the teachers I interviewed shared that they instructed their students about
engineering design principles while working in the makerspace. During interviews, the four
teachers who had worked at their current school 1 to 2 years shared the most specific information
about teaching engineering design practices in the makerspace. Jennifer, Erin, and Martha all
indicated that their goal when teaching engineering design was to take students through the
design process when they presented their classes with an engineering challenge. Jennifer shared
that she tried to take students through a cycle of prototyping, modeling, testing, and improving
their designs. However, she indicated that time constraints often prohibited her from
accomplishing this idea:
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That’s the whole goal, to make it through the entire engineering design process within the
time frame. It just doesn’t always happen. Normally, we don’t make it all the way
through just because we’re also trying to check in and check out books. And so, towards
the end we start; we miss that reflective piece a lot.
When I observed teachers in makerspaces, engineering design was mostly referenced in
the language teachers used while students conducted engineering or building challenges. For
example, some teachers used questioning strategies to encourage students to think deeper about
the concepts of the lesson or task. Jennifer said she emphasized the design process as she
worked to
just guide them, or facilitate[e] and say, “These are some questions that you might want
to think about. Or, looking back at your design, look at your plan. How close were you
to, from your plan to your actual final product?”
Erin used vocabulary from the design process in her everyday teaching so students became
familiar with it and used that language in their design challenges. Comments she shared during
the interview highlighted some of the wording she used with students:
[The language] I’m using as far as the design process goes is the empathy and getting to
understand who you are designing for, and asking the right questions, and making
observations. Then narrowing down the problem or identifying the problem. And then
brainstorming, or the ideate stage, which is coming up with tons of solutions. Then the
prototyping, the testing, the feedback, and all of that intertwined.
We did a really quick [design challenge], which only lasted like two class periods
or two class sessions. We went through it really quick, which is called a rapid-cycle
challenge, I believe—just so that the girls would become familiar with all of the steps.
We finished that, and I think they really enjoyed it. But then also, we have [the cycle] on
the wall. Having it up allows me to refer back to it and continually use that language.
Martha’s district recently opened a STEM center that all students were to visit on field trips.
Martha used the same language that students heard at the STEM center when she conducted
design challenges in her makerspace.
I have a big poster up, like they’re going to see when they go over there [to the STEM
center]. All the grade levels are going to get to visit, which is really cool. They’ll get to
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go take a tour this semester, and they’re all doing a challenge using that engineering
design process. We have a visual for it. When it’s appropriate for the challenge, if I
choose a challenge that goes along with that, I’ll go up there, and I’ll be like, “Here’s the
ask part. This is the problem. Now we’re moving on to this part of the engineering
design process.” Then I’ll let them go through that. Then I’ll have them pause before we
go into the next one, and I just point out as we’re going through, “It’s a big circle because
it’s circular.” I just point to the visual; I point it out as we’re going through it.
The teaching of engineering design principles is closely aligned with the criterion from
the student/teacher relationships category of the RTOP. One question from this category
inquired about whether “students were encouraged to generate conjectures, alternative solution
strategies, and ways of interpreting evidence” (Piburn & Sawada, 2000, p. 31). The mean score
for this criterion was 1.0. In the category of procedural knowledge, another criterion was aligned
with teaching engineering design: “Students used a variety of means (models, drawings, graphs,
concrete materials, manipulatives, etc.) to represent phenomena” (Piburn & Sawada, 2000, p.
29). The mean score for this criterion was .57.
Theme 5: The makerspace teacher provides resources. Participants identified a large
part of their responsibility within the makerspace is curating and setting up materials for
students. Every participant in the study referenced ways they managed materials for problembased learning in the makerspace. Participants who offered information about managing
materials did so in the context of a discussion surrounding problem-based and student-centered
learning. When they used these two instructional models, teachers believed their role was to
curate and provide materials for students to use in their exploration.
When teachers managed materials in the makerspace, they also had to determine which
resources to put in makerspace “stations” while students rotated from table to table. Karen said
she selected items based on how much time the class had to work in the makerspace. She
elaborated, “If I know we don’t have a lot of time, I limit the amount of materials I put out.”
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Kathleen had a list of items that her students really enjoyed, and she put them out in regular
rotation. While observing, it was noted that teachers used materials such as LEGO, K’nex, Snap
Circuits, KEVA Planks, Popsicle sticks, pipe cleaners, pony beads, yarn, crayons, paper,
scissors, Sphero robots, foil, cardboard, and many other materials that need to be set up and
cleaned up after each session. As I observed teachers in makerspaces who utilized stations for
students, the teachers’ primary tasks were managing materials and supervising students at each
table.
Managing materials appeared to be a time-consuming task for teachers as they conducted
their makerspaces. In the makerspace, managing resources involved deciding which materials
were best for students to complete projects. Several teachers shared how they determined which
materials to set out for student use. Samantha talked about how a significant part of her work
entailed providing materials for students in the makerspace, suggesting, “My role is really to
have it set up for the kids, and to facilitate it, and to model what it should look like.” Shawna
expressed a similar outlook, indicating that the only thing she does is decide what materials to
put out for students to use, check to make sure things are ready for students, and then fix things
as they need to be cleaned up. When students are in the makerspace, she considers it her
responsibility to ensure that students are handling the materials appropriately. Shawna and
Martha detailed how they taught students how to use materials at the beginning of the year.
Rather than put out every possible material for students to use, these teachers introduced items
and stations to students one at a time. Once students were familiar with materials in the
makerspace, they could go to whatever station they liked.
The RTOP observation protocol included questions about students using materials. One
criterion inquired about whether “the teacher acted as a resource person, working to support and

74
enhance student investigations” (Piburn & Sawada, 2000, p. 31). The mean score for this
question was 1.86. Some teachers actively engaged students as they worked in the makerspace,
whereas some roamed around the classroom helping students as needed. In the category of
procedural knowledge, there is a question about whether students used a “variety of means
(models, drawings, graphs, concrete materials, manipulatives, etc.) to represent phenomena”
(Piburn & Sawada, 2000, p. 29). The mean score for this criterion was 0.71, on the low end of
possible scores. Although teachers gave students materials to use in the makerspace, by only
using specific materials, they limited student’s choice of items to represent phenomena.
Summary
The purpose of this study was to determine the roles and responsibilities of makerspace
leaders. The data collected in this study included 10 semistructured interviews and observations
of 7 makerspaces. Participants were all educators in the Dallas–Fort Worth metroplex area.
Eight of the teachers interviewed were librarians, and 2 taught solely in the makerspace setting.
Interview responses addressed the makerspace teachers’ roles and responsibilities. I coded and
analyzed data.
The first research question for the study was, “What roles and responsibilities do
educators have while implementing makerspaces employing instructional practices of
collaborative learning, engineering design thinking, and problem- and project-based learning?”
The analysis of the data revealed five overarching themes. Makerspace teachers have many
responsibilities as they lead learning in their classroom. Teachers in makerspaces plan lessons
and activities to meet curriculum objectives or directions from school administration.
Participants indicated that they provide knowledge and resources to students in the makerspace.
As the makerspace teacher plans how to facilitate learning for students in the makerspace, she
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often responds to directives from school administration such as a principal or district-level
administrator.
The second research question was, “How do educators employ instructional practices of
collaborative learning, engineering design thinking, and problem- and project-based learning in
makerspaces?” Results from participant interviews, classroom observations, and archival data
showed that the makerspace teacher facilitates a student-centered learning environment.
Teachers in makerspaces mentor students as they solve problems. The actions of teachers in
makerspaces often enhance student learning in this unique learning setting.
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Chapter 5: Discussion, Conclusions, and Recommendations
This chapter contains a summary of the research study, the problem statement, and
research questions that guided the study. The chapter also contains a discussion of the
interpretation of findings and recommendations for leaders who wish to implement makerspaces
in their organizations. Recommendations for future study are outlined.
Overview of the Study
Problem statement. There is ambiguity surrounding the purpose of makerspaces and
how learning takes place within them. Researchers explained that makerspaces draw from
practices of student-centered learning, collaborative learning, and problem-based learning
(Dousay, 2017; Halverson & Sheridan, 2014). Additionally, students frequently have
opportunities to learn about the engineering design process while they work in makerspaces
(Oplinger et al., 2016). However, without a clear description of practices used in makerspaces,
there is not a strong consensus of how teaching and learning take place within these informal
learning environments.
Researchers agree that the role of the teacher is important in STEM disciplines (Stubbs &
Myers, 2016). And yet, there are different explanations of the role of teachers in a makerspace
when they utilize practices of student-centered learning, collaborative learning, project- and
problem-based learning, and engineering design. There is little clarity about what teachers do as
they facilitate learning in makerspaces.
Purpose of the study. The purpose of this study was to examine the roles and
responsibilities of educators while implementing makerspaces in formal and informal settings, as
described by instructional practices of collaborative learning, engineering design thinking, and
problem- and project-based learning.
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Two research questions guided this study:
Q1. What roles and responsibilities do educators have while implementing makerspaces
employing instructional practices of collaborative learning, engineering design thinking, and
problem- and project-based learning?
Q2. How do educators employ instructional practices of collaborative learning,
engineering design thinking, and problem- and project-based learning in makerspaces?
Methodology. A phenomenological design was considered the best research method for
this study. Phenomenology is used to understand how people experience an event or
phenomenon. I aimed to “depict the essence or basic structure” of the teacher’s experience
within a makerspace (Merriam & Tisdell, 2015, p. 26). As a part of the study, 10 teachers
participated in interviews following a semistructured interview protocol created to glean
information about teaching practices within the makerspace setting. Following interviews, 7
teachers were observed in their makerspaces, with teaching practices rated using the RTOP
(Piburn & Sawada, 2000). The data were analyzed with a computer-aided data analysis software
program, Dedoose.
Discussion of Findings
Research questions for this study focused on what educators do in makerspaces while
employing practices of collaborative learning, engineering design thinking, and problem- and
project-based learning. Emerging themes discussed in Chapter 4 provide details about what
makerspace educators do as they teach. Leaders of makerspaces have many responsibilities in
their classrooms. Through their work in makerspaces, educators plan activities and lessons to
meet curriculum objectives. Educators facilitate student-centered learning as students explore
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and create artifacts in the makerspace. Teachers mentor students, providing knowledge and
resources as students work in makerspaces.
The four practices of student-centered learning, collaborative learning, problem-based
learning, and engineering design serve as a way to organize findings from the study. Findings
are detailed below. Each section contains information that helps to answer the research
questions for the study.
Student-centered learning. As teachers facilitated student-centered learning for their
makerspace, they had to give up some control of the final outcome of student projects. The
open-ended nature of the makerspace required teachers to be flexible with students’ interests,
ideas, and final products. Participants acknowledged a mind shift was required to begin to allow
students to make their own choices in the makerspace. Ertmer, Ottenbreit-Leftwich, Sadik,
Sendurur, and Sendurur (2012) highlighted the difference in a teachers’ role in a teacher-centered
classroom versus a student-centered classroom. In a teacher-centered classroom, the teacher is
responsible for giving students information and managing the classroom. In a student-centered
classroom, teachers and students collaborate and work together to provide the ideal learning
environment. The teacher “guides discovery” and provides an example of how to learn (Ertmer
et al., 2012, p. 427). Students and teachers both play the role of expert and learner at different
times during the learning process; together they create knowledge.
During interviews, participants indicated that they had the responsibility of coming up
with ideas for activities to implement in the makerspace. For some teachers, this meant deciding
which activities to set out for students to use in an open-ended exploration. Other teachers were
more specific in how they guided students through lessons in the makerspace. The approach to
learning in the makerspace appeared to be dependent on the type of schedule classes followed.
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Participants reported that if a class needed to check out books in the library and spend time in the
makerspace, teachers often gave students time for free exploration with materials. If students
visited the library with the sole purpose of working in the makerspace, teachers were able to plan
a more robust lesson.
All participants in the study were located in school districts in the Dallas–Fort Worth
area. Some teachers worked in districts which mandated that their makerspaces be connected to
TEKS or to literature. Participants reported in interviews that they planned activities for students
to complete in the makerspace that were based on TEKS standards for students, which their
schools purport to follow.
Teachers expressed desire to plan lessons based on standards aligned with current
literature about best practices for makerspaces. Mann (2018) advised that the most appropriate
way to use makerspaces in schools “is through standards-based and curriculum-embedded maker
education” (p. 85). When teachers create lessons based on curriculum standards in the
makerspace, they can use maker activities to enhance learning in other subjects. For example,
Mann (2018) highlighted a makerspace where students were given a challenge to create a
solution to the problem of recycling on campus. As students researched the issue and progressed
through the design cycle, they learned math concepts from their curriculum at the same time as
they were introduced to a way that math is used in the real world.
Although teachers indicated during interviews that they planned lessons to address the
TEKS, during observations there was a noted disconnect with what was observed and what was
included in teacher-provided artifacts. Lesson plans in the makerspaces I visited either did not
appear to align with TEKS standards or made a broad application of the standards to work in the
makerspace. Low scores for RTOP in the category of lesson design reflect this observation.
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Teacher beliefs about standards and a curriculum connection in the makerspace were not aligned
with actual teaching practices.
There is a tension between the desire for makerspaces to remain student-centered and the
need to have accountability for learning in a standards-based educational environment. Burke
(2015) asserted that makerspaces with an academic focus “tend to be created to meet curricular
goals at an institution rather than as venues for independent discovery and creation activities” (p.
498). In the makerspaces I observed, such a strong emphasis on the TEKS and on literacy left
little room for a more interdisciplinary approach to making and learning. Instead of adhering to
the state standards for the overarching guide for the makerspace, perhaps teachers should give
more consideration to the student standards from the ISTE. The ISTE standards “are designed to
empower student voice and ensure that learning is a student-driven process” (International
Society for Technology in Education, 2016). Some activities observed in the makerspace were
better aligned with standards from the ISTE than with state standards. During interviews, when
teachers shared that they tried to connect their lessons to standards, it was surprising that no
teacher made mention of the ISTE standards. The ISTE standards address “creativity and
innovation, communication and collaboration, research and information fluency, critical
thinking, problem solving, and decision making” (ISTE, 2016). These skills are already likely
used and honed in the makerspace setting.
Teachers in the observed makerspaces provided opportunities for students to exercise
creativity and innovation as they worked on projects of their own choosing. Students
communicated with one another and with the teacher about steps required to accomplish learning
objectives. There was a high level of student communication during makerspace observations
according to RTOP data. Through their work in makerspaces, teachers instruct students about
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how various technological tools work and how to select the appropriate tool for the activity.
Organizations that wish to implement makerspaces in the future may want to ensure that their
makerspaces are aligned with the student standards from ISTE.
Problem-solving. Teachers in makerspaces serve as mentors for students as they explore
and learn. Participants shared that they gave students problems to solve in class using available
materials. When students were stuck, teachers guided students and helped them to consider
alternative ways of accomplishing the task. By sharing ideas, questioning students, and engaging
in dialogue, teachers helped students to think of new ways to approach the problems they were
trying to solve. Fuentes (2011) suggested that after a teacher gives students a chance to figure
out a task, the teacher should moderate dialogue between students to let them share ideas with
each other as they determine how to solve the problem.
Although students in observed makerspaces had access to a variety of resources, the
available resources did not always allow for students to “seek and value alternative modes of
investigation or problem solving” (Piburn & Sawada, 2000, p. 29). Five teachers scored a zero
on this criterion from the RTOP. During observations, it was noted that the resources that
teachers provided to students limited their ability to problem-solve or to be inventive with a
solution for challenges. For example, by providing only certain materials for students to use to
build the tallest tower in class, Karen put a constraint on the size of the final product students
were able to construct. With materials that could only be used a specific way, the lesson lacked
emphasis on students’ thinking through an issue. The teacher took away the opportunity for
students to be creative and use materials in differing, innovative ways. Harper (2017)
encouraged educational leaders to offer students problems that have several opportunities for
discovery and learning rather than limit the way students can approach the problem.
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Participants highlighted the plethora of responsibilities that teachers have while
implementing makerspaces. Participants in the study were responsible for running their school
libraries, overseeing student book checkout, teaching students digital literacy skills, providing
instruction about how to conduct research, selecting books for teachers’ projects, managing
parent volunteers, providing staff coverage for school events, and creating lesson plans for their
makerspaces. Similarly, Harron and Hughes (2018) showed that teachers who lead makerspaces
have many duties above and beyond what would typically be considered for a classroom teacher.
The attention to other tasks often left little time for participants to implement makerspace
activities. With other tasks to complete during makerspace time, teachers noted it was a
challenge to complete an in-depth problem-based activity.
During observations, it was noted that problem-solving was limited by the time
constraints of classes visiting the makerspace. One teacher commented,
By the time students come to class, check in books, I give directions, and have them start
on their project, if I make sure to leave enough time to clean up and transition, students
only have about 20 minutes to complete an activity, which isn’t long enough for a true
problem-based approach.
Schools that wish to implement makerspaces in the future should consider whether students will
visit the makerspace for a dedicated maker time or whether they will complete other activities in
the makerspace. This decision will impact the makerspace teacher and his or her ability to plan
lessons for students which allow them to problem-solve.
Collaborative learning. On the RTOP, the criterion “active participation of students was
encouraged and valued” displayed the highest mean score across all participant observations
(Piburn & Sawada, 2000, p. 31). Teachers expected students to participate and work together in
the makerspaces observed. The makerspaces I visited were arranged in a way that was
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conducive to collaborative learning for students. Chairs and flexible seating options were
available for students to gather as they worked together. Round tables were used to encourage
dialogue among group members.
While students worked in the makerspace, some of their work was collaborative because
they worked alongside each other. I noted this type of collaboration when visiting makerspaces
where students chose one of numerous possible stations to work for the class period. Only one
teacher, Karen, had a systematic way of dividing students into groups for their activity. Before
students entered Karen’s makerspace, they chose which area of the makerspace they would like
to work in for the day. Students could choose from robotics and coding, LEGO, and creation
with recycled materials, magnets, or other building materials. Students worked with the other
students who selected the same station for the duration of class.
At other times, students’ work in the observed makerspaces was collaborative as they
completed a project together. With this type of collaboration, students worked in response to a
lesson or direction from the teacher to complete a task together such as building a bridge or a
tower or creating an artifact to meet a lesson objective. For these activities, teachers allowed
students to self-select their groups or asked groups to work with the students who were seated at
their tables.
Whether students were collaborating by working alongside one another or actually
completing a challenge together as a team, teachers indicated part of their responsibility was to
help students learn to work together. Teachers modeled how to work together by giving
examples and nonexamples of what collaboration with a group looked like. Bridget and Erin
noted the challenge of teaching their younger students how to collaborate. They showed students
how to give specific feedback to group members in order to improve the group’s final product.
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Sheridan et al. (2014) noted a “diversity of learning arrangements” in makerspaces during
their study (p. 528). Similar to observations for this study, Sheridan et al. (2014) observed some
projects that individuals worked on by themselves, as well as “spontaneous group collaborative
projects” (p. 528). Collaborative groups within a makerspace can be considered communities of
practice as learn from one another and teach each other new skills. In a community of practice,
knowledge belongs to the community, and together the community “decides what counts as
relevant facts and acceptable explanations of these facts” (Wenger, 2004, p. 1).
Sheridan et al. (2014) supported the notion of a makerspace being considered a
community of practice. Using this theoretical view, they highlighted some of the social
interaction that takes place when students work together in a makerspace. The teacher’s activity
in the makerspace helps the classroom to gel as a community where members learn from one
another as they work on projects of common interest. Participants were very influential in
creating an environment where students could explore and learn together on a project of common
interest.
The role of the teacher in establishing classroom culture is important to consider with
makerspace implementation. Bers et al. (2018) addressed the correlation between positive
relationships and collaboration in youth technological development, suggesting that “the more
we establish and maintain positive bonds and relationships, the better we are also able to
collaborate” (p. 78). The RTOP category of student/teacher relationships addressed the way that
teachers and students interacted in the collaborative environment of the makerspace during
observations. This category had the highest average categorical score on the RTOP, with a score
of 1.74. Criterion assessed in this category included whether teachers were patient with students,
how well they listened, and whether students were encouraged to participate in the lesson.
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Engineering design. The primary way educators focused on engineering design in the
makerspaces observed in this study was through the use of language related to an engineering
design cycle or process for students to refer to while they completed makerspace activities.
Several participants referenced how they used terms such as iteration, prototype, model, and test
with students to familiarize them with engineering concepts and practices. Erin noted that by
using engineering language, her students have begun to use the same words and phrases as they
describe their work, even though she has not taught the design cycle explicitly to students.
Martha shared how she uses engineering language with her students that her district is using in
every makerspace as part of a district-wide initiative.
Capobianco et al. (2018) wrote that “purposeful attempts to foster conceptually grounded
conversations among students engaged in engineering can be pedagogically challenging for
teachers” (p. 346). Capobianco et al. suggested that teachers are unfamiliar with pedagogy of
engineering design and therefore are unwilling or unable to implement it in their classrooms.
The researchers also highlighted the demands of academic standards, student testing, and time
constraints frequently prohibit teachers from implementing engineering design-based teaching in
their classrooms. While participants discussed concepts of engineering design with their
students, they reported that their teaching did not go any further than using the vocabulary
associated with the design cycle or encouraging students to attempt to solve a problem again
after failing.
The teachers observed in this study did not delve deep into concepts of engineering with
their students but rather discussed engineering at a cursory, introductory level. Some researchers
advocated for engineering design to be closely taught with science concepts (Bethke Wendell &
Rogers, 2013; Capobianco et al., 2018). Teachers in the makerspaces I observed did not use
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engineering to help students increase their scientific knowledge. Bethke Wendell and Rogers
(2013) found that “elementary students respond very favorably to the integration of engineering
into their academic experience, and that this integration can occur without detracting from
science content learning and instruction” (p. 532). Participants in this study missed several
opportunities to use makerspace time to teach students science content.
Limitations
There are several limitations surrounding this study. First, participants were all located in
the Dallas–Fort Worth area, which prevented the study results from being generalized to the
population at large. This limitation was in place because of the necessity of having site locations
in proximity to my home. Another limitation of the study was that the makerspaces varied in
their format and purpose. Some of the schools observed had dedicated makerspace time,
whereas others used the makerspace as an extra activity for students.
I was only able to visit makerspaces for this study one time, which was an additional
limitation to the study’s findings. Repeated visits and observations would have provided a more
robust view of teachers’ roles in the classroom. Additionally, the artifacts that teachers offered
did not generate a large amount of data applicable to the study.
Recommendations
The results of this study led me to make recommendations to organizations that wish to
implement makerspaces in the future.
Determine the direction. Educators must work with school and district administrators to
determine the direction and focus for makerspaces. Some school districts may have a certain
area of focus for new spaces. Other schools may have a more open-ended vision for their
makerspace. Some teacher participants in this study wanted students to have free time to
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explore, whereas others wanted to teach a lesson about literacy and then add on makerspace
activities at the end if time allowed. Makerspace leaders should be clear about what they hope to
accomplish in the space. This recommendation aligns with a study by Benjes-Small, Bellamy,
Resor-Whicker, and Vassady (2017), who found that the most successful makerspaces had
leaders who could clearly articulate the makerspace mission, purpose, and desired outcomes.
Decide on the standards. The ISTE standards may be more appropriate for teachers to
use when planning makerspace activities for students, as they highlight concepts teachers likely
already cover in the makerspace but allow more freedom for exploration than standards that
adhere closely to content curriculum. The standards are as follows:
•

Creativity and innovation—students think creatively, construct knowledge, and
develop innovative products using technology.

•

Communication and collaboration—using digital media, students communicate and
collaborate to support learning.

•

Research and information fluency—students use digital tools to locate, choose, and
use information from various sources to accomplish tasks.

•

Critical thinking, problem-solving, and decision-making—students think critically to
research and use technology to complete projects, problem-solve, and propose
solutions.

•

Digital citizenship—students learn how to use technology ethically, responsibly, and
safely.

•

Technology operations and concepts—students learn appropriate usage of technology
systems (International Society for Technology in Education, 2016).
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Teachers may also wish to implement the Next Generation Science Standards (NGSS) in
their plans and objectives for their makerspaces. The NGSS standards include three dimensions
of learning that teachers can incorporate into their lessons (NGSS Lead States, 2013). First, the
disciplinary core ideas are the main scientific concepts that are critical for students to understand
in the areas of physical science, life science, earth and space science, and engineering. Second,
NGSS standards include science and engineering practices for students to master. These
practices help students grow their knowledge of the disciplinary core ideas. Finally, the
crosscutting concepts of the NGSS enable students to see the connections between broad
scientific concepts. Within a makerspace, students can deepen their understanding of science
and engineering concepts as teachers use the NGSS standards to guide their practice.
Develop the leaders. Most of the participants in this study were librarians who
implemented maker activities as part of their teaching load. At some of the schools observed, the
regular classroom teacher attended the makerspace time with his or her class. Some of the
classroom teachers did not feel comfortable implementing project-based maker activities in their
classroom. Eriksson, Heath, Ljungstrand, and Parnes (2018) suggested one of the barriers to
teachers implementing making activities in their classes is “the teachers’ lack of professional
knowledge related to digital technology and design thinking, since these topics are not part of
their basic teacher training” (p. 11). Professional development should be offered not only to
librarians but also to classroom teachers to help them become more comfortable with utilizing
maker activities as part of their classroom curriculum. Oliver (2016) advocated for professional
development activities that allow teachers to visit the makerspace to learn how tools work and
how different stations can be used to enhance learning.
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Organizations that wish to implement makerspaces in the future must give attention to
professional development offerings for teachers who lead these spaces. Training can help
educators grow in their knowledge of technical tools and pedagogical practices to implement in
the makerspace, enabling teachers to grow in their confidence as they lead students (Eriksson et
al., 2018). Similarly, Harron and Hughes (2018) suggested “making in education might be best
led by those educators who are advanced in both their pedagogical and content knowledge” (p.
265).
Teachers who lead makerspaces have the opportunity to influence their colleagues and
organizations. Oplinger et al. (2016) found that leaders in makerspaces can “produce effective
cultural change within the organizational community in offering new methods in learning and
different expertise” (p. 79). Von Dohlen and Karvonen (2018) wrote that “when leadership is
defined as a broad, inclusive, participatory process, teachers sense their purpose in leadership”
(p. 72). It would benefit school leaders to allow makerspace teachers time to collaborate, plan,
and share ideas with other classroom teachers as well as with makerspace leaders across the
district, thus distributing leadership throughout the organization. This recommendation aligns
with findings from Von Dohlen and Karvonen (2018), who indicated that the leadership behavior
teacher participants demonstrated the most frequently was collaborating with other colleagues to
enhance learning and teaching in their schools.
Recommendations for future research. As the maker movement continues to grow,
there are many opportunities for further research about makerspace implementation. Future
research could include longitudinal studies following students to track gains made in the
communication, critical thinking, and collaboration skills touted as by-products of participation
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in makerspaces. With makerspaces being a relatively new phenomenon in education, a study of
this nature would provide information about the efficacy of maker programs.
Future research could also include case studies that examine the roles of makerspace
leaders in different types of makerspaces. It would be interesting to compare how leaders of
community-based makerspaces perceive their roles and how they differ from leaders of libraryand school-based makerspaces.
Summary
A challenge of studying the maker movement is that every makerspace differs in its focus
and approach to learning. Previous research and literature about makerspaces were primarily
anecdotal in nature. The ambiguous nature of the maker movement makes it difficult to define
what teachers do in makerspaces to enhance student learning.
The purpose of this study was to examine the roles and responsibilities of educators who
implement makerspaces utilizing the instructional practices of student-centered learning,
collaborative learning, problem-solving, and engineering design. A purposeful sample of 10
educators participated in the study. Participants were teachers and librarians located in the
Dallas–Fort Worth area. Semistructured interviews, classroom observations, and archival
documents were analyzed, revealing the following themes: (a) The makerspace teacher is a
planner; (b) the makerspace teacher facilitates a student-centered learning environment; (c) the
makerspace teacher mentors students as they solve problems; (d) the makerspace teacher
provides knowledge; and (e) the makerspace teacher provides resources to students as they learn
in makerspaces.
This study contributes to the existing body of knowledge about makerspaces by
examining what teachers do as they implement makerspaces. The study illuminated some of the
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challenges teachers face when implementing makerspaces, such as administrative and district
regulations about what must be taught in the makerspace, as well as time constraints for classes
that visit the makerspace. Teacher observations and participant interview responses provided
insight into some of the ways makerspace educators foster a unique educational environment for
students and create a classroom culture where students can tinker and explore as they learn.
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Appendix B: Interview Protocol
1. How many years have you served in your position leading a makerspace?
2. Describe your current makerspace.
3. How would you describe your approach to leading the makerspace?
4. What practices and strategies do you implement in the makerspace to provide students an
opportunity to collaborate?
5. When students collaborate in the makerspace, how would you characterize your role?
6. What practices and strategies do you implement in the makerspace to create a learnercentered environment?
7. How do you describe your responsibilities in the learner-centered makerspace
environment?
8. What practices and strategies do you implement in the makerspace to utilize problemand project-based learning in the makerspace?
9. What role do you play when students are taking part in problem-based learning in the
makerspace?
10. What practices and strategies do you implement in the makerspace to teach student
principles of engineering design?
11. What are some examples of how you interact and engage with students using practices of
student-centered learning, collaboration, problem-based learning, and engineering
design?
12. What recommendations would you provide about the practices of student-centered
learning, collaboration, problem-based learning, and engineering design to another
educator who is preparing to lead a makerspace?
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Appendix D: Reformed Teaching Observation Protocol

Appendix II
Reformed Teaching Observation Protocol (RTOP)
Daiyo Sawada
External Evaluator

Michael Piburn
Internal Evaluator

and
Kathleen Falconer, Jeff Turley, Russell Benford and Irene Bloom
Evaluation Facilitation Group (EFG)
Technical Report No. IN00-1
Arizona Collaborative for Excellence in the Preparation of Teachers
Arizona State University

I.

BACKGROUND INFORMATION

Name of teacher
Location of class
Years of Teaching

Announced Observation?
(district, school, room)
Teaching Certification

Subject observed

(K-8 or 7-12)

Grade level

Observer

Date of observation

Start time

End time

II.

(yes, no, or explain)

CONTEXTUAL BACKGROUND AND ACTIVITIES

In the space provided below please give a brief description of the lesson observed, the classroom setting in which the lesson took place
(space, seating arrangements, etc.), and any relevant details about the students (number, gender, ethnicity) and teacher that you think are
important. Use diagrams if they seem appropriate.
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